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Representative on Board of Trustees of Tropical Plant Research Foundation. 
HERBERT OsBorNn, Columbus, Ohio. 


Committee on Recommendations to Secretary of Agriculture with Reference to Needs 
for Foreign Stations to Study Insect Pests, Plant and Anima] Diseases Introduced 
or Likely to be Introduced. (To cooperate with Phytopathologists.) 

HERBERT OsBorRN, Chairman, Columbus, Ohio. 
E. O. Essic, Berkley, California. 
G. W. Herrick, Ithaca, N. Y. 


Committee on Training of Entomologists. 
W. C. O’Kane, Chairman, Durham, N. H. 
W. A. Ruey, St. Paul, Minn. 
A. C. BAKER, Washington, D. C. 
C. J. Drake, Ames, Iowa. 
H. J. QuaAYLE, Riverside, Calif. 


Committee to Formulate Plans for Investigation of the Codling Moth from Biologic 
and Control Standpoints. 
A. L. QUAINTANCE, Chairman, Washington, D.C. Term expires 1931. 
B. A. Porter, Washington, D.C. Term expires 1931. 
G. A. DEAN, Manhattan, Kans. Term expires 1930. 
Leroy CuiLps, Hood River, Oregon. Term expires 1930. 
P. J. Parrott, Geneva, N. Y. Term expires 1932. 
W. A. Ross, Vineland Station, Ontario, Can. Term expires 1932. 


LIST OF MEETINGS AND PAST OFFICERS 


First Annual Meeting, Washington, D. C., Nov. 12-14, 1889. President, C. V- 
Riley; Vice-President, S. A. Forbes; Second Vice-President, A. J. Cook; Secretary, 
John B. Smith. 

Second Annual Meeting, Champaign, III., Nov. 11-13, 1890. (The same officers 
had charge of this meeting.) 

Third Annual Meeting, Washington, D. C., Aug. 15-18, 1891. President, James 
Fletcher; First Vice-President, F. H. Snow; Second Vice-President, Herbert Osborn; 
Secretary, L. O. Howard. 
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Fourth Annual Meeting, Rochester, N. Y., Aug. 15-16, 1892. President, J. A. 
Lintner; First Vice-President, S. A. Forbes; Second Vice-President, J. H. Comstock; 
Secretary, F. M. Webster. 

Fifth Annual Meeting, Madison, Wisc., Aug. 14-16, 1893. President, S. A. Forbes; 
First Vice-President, C. J. S. Bethune; Second Vice-President, John B. Smith; 
Secretary, H. Garman. 

Sixth Annual Meeting, Brooklyn, N. Y., Aug. 14-15, 1894. President, L. O. 
Howard; First Vice-President, John B. Smith; Second Vice-President, F. L. Harvey 
Secretary, C. P. Gillette. 

Seventh Annual Meeting, Springfield, Mass., Aug. 27-28, 1895. President, John 
B. Smith; First Vice-President, C. H. Fernald; Secretary, C. L. Marlatt. 

Eighth Annual Meeting, Buffalo, N. Y., Aug, 21-22, 1896. President, C. H. 
Fernald; First Vice-President, F. M. Webster; Second Vice-President, Herbert 
Osborn; Secretary, C. L. Marlatt. 

Ninth Annual Meeting, Detroit, Mich., Aug. 12-13, 1897. President, F. M. 
Webster; First Vice-President, Herbert Osborn; Second Vice-President, Lawrence 
Bruner; Secretary, C. L. Marlatt. 

Tenth Annual Meeting, Boston, Mass., Aug. 19-20, 1898. President, Herbert 
Osborn; First Vice-President, Lawrence Bruner; Second Vice-President, C. P. 
Gillette; Secretary, C. L. Marlatt. 

Eleventh Annual Meeting, Columbus, Ohio, Aug. 18-19, 1899. President, C. L. 
Marlatt; First Vice-President, Lawrence Bruner; Second Vice-President, C. P. 
Gillette; Secretary, A. H. Kirkland. 

Twelfth Annual Meeting, New York, N. Y., June 22-23, 1900. President, Law- 
rence Bruner; First Vice-President, C. P. Gillette; Second Vice-President, E. H. 
Forbush; Secretary, A. H. Kirkland. 

Thirteenth Annual Meeting, Denver, Colo., Aug. 23-24, 1901. President, C. P. 
Gillette; First Vice-President, A. D. Hopkins; Second Vice-President, E. P. Felt; 
Secretary, A. L. Quaintance. 

Fourteenth Annual Meeting, Pittsburgh, Pa., June 27-28, 1902. President, A. D. 
Hopkins; First Vice-President, E. P. Felt; Second Vice-President, T. D. A. Cockerell; 
Secretary, A. L. Quaintance. 

Fifteenth Annual Meeting, Washington, D. C., Dec. 26-27, 1902. President, E. P. 
Felt; First Vice-President, W. H. Ashmead; Second Vice-President, Lawrence 
Bruner; Secretary, A. L. Quaintance. 

Sixteenth Annual Meeting, St. Louis, Mo., Dec. 29-31, 1903. President, M. V. 
Slingerland; First Vice-President, C. M. Weed; Second Vice-President, Henry 
Skinner; Secretary, A. F. Burgess. 

Seventeenth Annual Meeting, Philadelphia, Pa., Dec. 29-30, 1904. President, 
A. L. Quaintance; First Vice-President, A. F. Burgess; Second Vice-President, Mary 
E. Murtfeldt; Secretary, H. E. Summers. 

Eighteenth Annual Meeting, New Orleans, La., Jan. 1-4, 1906. President, H. 
Garman; First Vice-President, E. D. Sanderson; Second Vice-President, F. L. Wash- 
burn; Secretary, H. E. Summers. 

Nineteenth Annual Meeting, New York, N. Y., Dec. 28-29, 1906. President, A. H. 
Kirkland; First Vice-President, W. E. Britton; Second Vice-President, H. A. Morgan; 
Secretary, A. F. Burgess. 
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Twentieth Annual Meeting, Chicago, IIl., Dec. 27-28, 1907. President, H. A. 
Morgan; First Vice-President, H. E. Summers; Second Vice-President, W. D. 
Hunter; Secretary, A. F. Burgess. 

Twenty-first Annual Meeting, Baltimore, Md., Dec. 28-29, 1908. President, S. A. 
Forbes; First Vice-President, W. E. Britton; Second Vice-President, E. D. Ball; 
Secretary, A. F. Burgess. 

Twenty-second Annual Meeting, Boston, Mass., Dec. 28-29, 1909. President, 
W. E. Britton; First Vice-President, E. D. Ball; Second Vice-President, H. E. 
Summers; Secretary, A. F. Burgess. 

Twenty-third Annual Meeting, Minneapolis, Minn., Dec. 28-29, 1910. President, 
E. D. Sanderson; First Vice-President, H. T. Fernald; Second Vice-President, P. J. 
Parrott; Secretary, A. F. Burgess. 

Twenty-fourth Annual Meeting, Washington, D. C., Dec. 27-29, 1911. President, 
F. L. Washburn; First Vice-President, E. D. Ball; Second Vice-President, R. H. 
Pettit; Secretary, A. F. Burgess. 

Twenty-fifth Annual Meeting, Cleveland, Ohio, Jan. 1-3, 1913. President, W. D. 
Hunter; First Vice-President, T. J. Headlee; Second Vice-President, R. A. Cooley; 
Secretary, A. F. Burgess. 

Twenty-sixth Annual Meeting, Atlanta, Ga., Dec. 31, 1913—Jan. 2, 1914. Presi- 
dent, P. J. Parrott; First Vice-President, E. L. Worsham; Second Vice-President, 
Wilmon Newell; Secretary, A. F. Burgess. 

Twenty-seventh Annual Meeting, Philadelphia, Pa., Dec. 28-31, 1914. President, 
H. T. Fernald; First Vice-President, Glenn W. Herrick; Second Vice-President W. E. 
Britton; Third Vice-President, Wilmon Newell; Secretary, A. F. Burgess. 

Special Meeting, Berkeley, Cal., Aug. 9-10, 1915. (Officers same as for Twenty- 
eighth Annual Meeting.) 

Twenty-eighth Annual Meeting, Columbus, Ohio, Dec. 27-30, 1915. President, 
Glenn W. Herrick; First Vice-President, R. A. Cooley; Second Vice-President, W. E. 
Rumsey; Third Vice-President, E. F. Phillips; Secretary, A. F. Burgess. 

Twenty-ninth Annual Meeting, New York, N. Y., Dec. 28-30, 1916. President, 
C. Gordon Hewitt; First Vice-President, G. A. Dean; Second Vice-President, E. D. 
Ball; Third Vice-President, W. J. Schoene; Fourth Vice-President, T. J. Headlee; 
Secretary, A. F. Burgess. 

Thirtieth Annual Meeting, Pittsburgh, Pa., Dec. 31, 1917—Jan. 2, 1918. President, 
R. A. Cooley; First Vice-President, W. E. Hinds; Second Vice-President, A. W. 
Morrill; Third Vice-President, G. M. Bentley; Fourth Vice-President, B. N. Gates; 
Secretary, A. F. Burgess. 

Thirty-first Annual Meeting, Baltimore, Md., Dec. 26-27, 1918. President, E. D. 
Ball; First Vice-President, W. C. O’Kane; Second Vice-President, G. P. Weldon; 
Third Vice-President, E. C. Cotton; Fourth Vice-President, Franklin Sherman, Jr.; 
Secretary, A. F. Burgess. 

Thirty-second Annual Meeting, St. Louis, Mo., Dec. 31, 1919—Jan. 2, 1920. Presi- 
dent, W. C. O’Kane; First Vice-President, A. G. Ruggles; Second Vice-President, 
H. J. Quayle; Third Vice-President, E. C. Cotton; Fourth Vice-President, W. E. 
Britton; Secretary, A. F. Burgess. 

Thirty-third Annual Meeting, Chicago, IIl., Dec. 29-31, 1920. President Wilmon 
Newell; First Vice-President, H. A. Gossard; Second Vice-President, E. M. Ehrhorn; 
Third Vice-President, J. G. Sanders; Fourth Vice-President, F. B. Paddock; Secre- 
tary, A. F. Burgess. 
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Thirty-fourth Annual Meeting, Toronto, Canada, Dec. 29-31, 1921. President, 
George A. Dean; First Vice-President, Arthur Gibson; Second Vice-President, E. O. 
Essig; Third Vice-President, A. G. Ruggles; Fourth Vice-President, H. F. Wilson; 
Secretary, A. F. Burgess. 

Thirty-fifth Annual Meeting, Boston, Mass., Dec. 28-30, 1922. President, J. G. 
Sanders; First Vice-President, J. M. Swaine; Second Vice-President, A. L. Lovett; 
Third Vice-President, R. W. Harned; Fourth Vice-President, M. C. Tanquary; 
Secretary, A. F. Burgess. 

Thirty-sixth Annual Meeting, Cincinnati, Ohio, Dec. 29, 1923-Jan. 2, 1924. Presi- 
dent, A. G. Ruggles; First Vice-President, H. A. Gossard; Second Vice-President, 
H. J. Quayle; Third Vice-President, P. A. Glenn; Fourth Vice-President, S. B. 
Fracker; Secretary, A. F. Burgess. 

Thirty-seventh Annual Meeting, Washington, D. C., Dec. 31, 1924-Jan. 3, 1925. 
President, A. F. Burgess; First Vice-President, M. C. Tanquary; Second Vice- 
President, H. S. Smith; Third Vice-President, E. R. Sasscer; Fourth Vice-President, 
R. W. Harned; Secretary, C. W. Collins. 

Thirty-eighth Annual Meeting, Kansas City, Mo., Dec. 29, 1925-Jan 1, 1926. 
President, H. A. Gossard (died in office December 18, 1925); First Vice-President, 
R. N. Chapman (assumed duties of President for remainder of term); Second Vice- 
President, Leroy Childs; Third Vice-President, C. H. Hadley; Fourth Vice-President, 
R. L. Webster; Secretary, C. W. Collins. 

Thirty-ninth Annual Meeting, Philadelphia, Pa., Dec. 28, 1926—Jan. 1, 1927. Presi- 
dent, Arthur Gibson; First Vice-President, C. J. Drake; Second Vice-President, W. B. 
Herms; Third Vice-President, L. A. Strong; Fourth Vice-President, J. I. Hambleton; 
Fifth Vice-President, W. E. Hinds; Secretary, C. W. Collins. 

Fortieth Annual Meeting, Nashville, Tenn., Dec. 27-31, 1927. President, R. W. 
Harned; First Vice-President, W. P. Flint; Second Vice-President, R. W. Doane; 
Third Vice-President, Franklin Sherman; Fourth Vice-President, J. H. Montgomery; 
Fifth Vice-President, F. E. Millen; Secretary, C. W. Collins. 

Forty-first Annual Meeting, New York, N. Y., December 27-31, 1928. President, 
W. B. Herms; First Vice-President, J. E. Graf; Vice-Presidents, R. S. Woglum 
(Pacific Slope Branch); G. M. Bentley (Cotton States Branch); P. J. Parrott (Eastern 
States Branch); L. S. McLaine (Section of Plant Quarantine and Inspection); H. F. 
Wilson (Section of Apiculture); Secretary, C. W. Collins, Melrose Highlands, Mass. 

Forty-second Annual Meeting, Des Moines, Iowa, December 30, 1929—January 2, 
1930. President, T. J. Headlee; First Vice-President, E. R. Sasscer; Vice-Presidents, 
O. H. Swezey, ( (Pacific Slope Branch); F. L. Thomas, (Cotton States Branch); E. N. 
Cory, (Eastern States Branch); F. N. Wallace, (Section of Plant Quarantine and 
Inspection); G. M. Bentley, (Section of Apiculture); J. A. Hyslop, (Section of Exten- 
sion); Secretary, C. W. Collins, Melrose Highlands, Mass. (T. H. Jones, Secretary 
Pro-tem for the Des Moines meeting). 
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LIST OF MEMBERS 
ACTIVE MEMBERS 


Abbott, W. S., U. S. Bureau of Entomology, Vienna, Va. 
Ackerman, A. J., U. S. Bureau of Entomology, Washington, D. C. 
Adair, H. S., U. S. Bur. Ent., Albany, Ga. 

Ainslie, C. N., 2000 So. St. Aubin St., Sioux City, Iowa. 

Alden, C. H., State Bd. Ent., Cornelia, Ga. 

Aldrich, J. M., U. S. National Museum, Washington, D. C. 
Alexander, C. P., M. A. C., Amherst, Mass. 

Allen, H. W., Box H., Moorestown, N. J. 

Allen, R. H., Department of Agriculture, State House, Boston, Mass. 
Armitage, H. B., 437 North Pickering Avenue, Los Angeles, Calif. 
Armstrong, Thomas, Ent. Lab., Vineland Station, Ontario, Canada. 
Arnold, George F., A. and M. College, Miss. 

Arnold, T. A., 8 Federal Building, El Paso, Texas. 

Atwood, George G., Depart. Farms and Markets, Albany, N. Y. 


Babcock, K. W., 10 Court St., Arlington, Mass. 

Babcock, O. G., Box 407, Sonora, Texas. 

Back, E. A., U. S. Bureau of Entomology, Washington, D. C. 
tBaerg, W. J. Fayetteville, Ark. 

Bailey, H. L., Bradford, Vt. 

Baird, A. B., 228 Dundas St., E. Belleville, Ontario, Canada. 
Baker, A. C., U. S. Bureau of Entomology, Washington, N. C. 
Baker, A. W., Ontario Agricultural College, Guelph, Canada. 
Baker, F. E., Japanese Beetle Laboratory, Moorestown, N. J. 
Baker, Howard, Box 1715, Shreveport, La. 

Balduf, W. V., 400 Nat. Hist. Bldg., Urbana, III. 
?Ball, E. D., Agr: Exp. Sta., Tucson, Ariz. 

Banks, C. S., Box 2314, Bureau of Science, Manila, P. I. 
Barber, E. R., Canal and Baronne Sts., New Orleans, La, 
Barber, G. W., 2712 Woodrow Ave., Richmond, Va. 

Barber, H. S., U. S. Bureau of Entomology, Washington, D. C. 
Barnes, D. F., Bur. of Ent., Melrose Highlands, Mass. 
{ Bartlett, Oscar C., Box 1857, Pheonix, Ariz. 

Bartley, H. N., 1188 Main St., Bridgeport, Conn. 

Basinger, A. J., Citrus Exp. Station, Riverside, Calif. 
Batchelder, C. H., 170 Beech Ave., Melrose, Mass. 

Becker, G. G., P.Q.C.A., Washington, D. C. 

Beckwith, C. S., Cranberry Exp. Sta., Pemberton, N. J. 
Bedford, Theo., Welcome Tropical Research Laboratory, Khartum, Sudan. 
Bentley, G. M., University of Tennessee, Knoxville, Tenn. 
Berger, E. W., University of Florida, Box 656, Gainesville, Fla. 
Berley, J. A., Clemson College, S. C. 

Bethune, C. J. S., Guelph, Ontario, Canada. 

TBigger, J. H., 1114 So. Main St., Jacksonville, Ill. 

TBilsing, S. W., College Station, Texas. 
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tBishopp, F. C., U. S. Bureau of Entomology, Washington, D. C. 
Blackman, M. W., N. Y. State College of Forestry, Syracuse, N. Y. 
Blanchard, R. A., 600 26th St., Sacramento, Calif. 

Bliss, C. I., 724 Earlham Drive, Whittier, Calif. 

Bondy, Floyd F., Box 65, Florence, S. C. 

Bourne, A. I., Agricultural Experiment Station, Amherst, Mass. 
Boyce, A. M., Box 165, Riverside, Calif. 

Boyden, B. L., Indio, Calif. 

Bradley, G. H., Mound Laboratory, Mound, La. 

Brannon, C. H., College Station, Raleigh, N. C. 

Brannon, L. W., Box 881, Norfolk, Va. 

Brimley, C. S., Department of Agriculture, Raleigh, N. C. 

Brittain, W. H., MacDonald College, Quebec, Canada. 

Britton, W. E., Agricultural Experiment Station, New Haven, Conn. 
Broadbent, B. M., 724 Earlham Drive, Whittier, Calif. 

Brooks, F. E., U. S. Bureau of Entomology, French Creek, W. Va. 
Brown, Luther, Silver Spring, Md. 

Brues, C. T., Bussey Institution, Forest Hills, Boston., Mass. 
Bruner, Lawrence, 3033 Deakin Street, Berkeley, Calif. 

tBryson, Harry R., K. S. A. C., Manhattan, Kans. 

Bulger, J. W., 423 Dorset Ave., Chevy Chase, Washington, D. C. 
Burdette, R. C., Agr. Exp. Sta., New Brunswick, N. J. 

*Burgess, A. F., Bur. of Entomology, Melrose Highlands, Mass. 
Burke, H. E., Forest Insect Lab., 1551 Emerson St., Palo Alto, Calif. 
Burrell, R. W., Box H, Moorestown, N. J. 

Burrill, A. C., Missouri Resources Museum Com., Jefferson City, Mo. 
Busck, August, U. S. National Museum, Washington, D. C. 

tButler, H. G., 2303 W. Douglas Ave., Wichita, Kansas. 
Buys, John L., St. Lawrence University, Canton, N. Y. 


Caesar, Lawson, Ontario Agricultural College, Guelph, Canada. 
Caffrey, D. J., 10 Court St., Arlington, Mass. 

tCampbell, F. L., Bureau of Entomology, Washington, D. C. 
tCampbell, R. E., Box 297, Alhambra, Calif. 

tCarter, Walter, U. S. Bur. of Ent., Twin Falls, Idaho. 
Cartwright, W. B., 600 26th St., Sacramento, Calif. 

Cassidy, T. B., Box 1257, Tucson, Ariz. 

Caudell, A. N., U. S. National Museum, Washington, D. C. 
tCecil, Rodney, Experiment Station, Geneva, N. Y. 
Chamberlin, F. S., Box 239, Quincy, Fla. 

Chamberlin, T. R., Forest Grove, Ore. 

tChambers, E. L., State Entomologist’s Office, Madison, Wisc. 
Chandler, S. C., Route 5, Carbondale, III. 


tChapman, R. N., Dept. of Animal Biology, University of Minnesota, Minneapolis, 


Minn. 
Childs, Leroy, Hood River, Ore. 
tClaassen, P. W., 102 Irving Place, Ithaca, N. Y. 
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Clausen, C. P., Box 105, Yokohama, Japan. 

Cleveland, C. R., 910 S. Michigan Ave., Chicago, III. 

Coad, B. R., U. S. Bureau of Entomology, Tallulah, La. 
Cockerell, T. D. A., 809 Tenth St., Boulder, Colo. 

Cockerham, K. L., Box 205, Biloxi, Miss. 

Coe, Wesley R., Yale University, New Haven, Conn. 

Colcord, Mabel, Bureau of Entomology, Washington, D. C.., 
Cole, F. R., U.S.D.A. Lab., Whittier, Calif. 

Collins, C. W., U. S. Bureau of Entomology, Melrose Highlands, Mass. 
Compton, C. C., 614 S. State Rd., Arlington Heights, IIl. 
Comstock, J. H., Cornell University, Ithaca, N. Y. 

Cook, Mel T., Insular Exp. Station, Rio Piedras, P. R. 

Cook, William C., c/o State Entomologist, Bozeman, Mont. 
Cooley, R. A., Agricultural Experiment Station, Bozeman, Mont. 
Corkins, C. L., 509 S. 3rd St., Hamilton, Mont. 

Cory, E. N., Agricultural Experiment Station, College Park, Md. 
Cotton, R. T., Bureau of Entomology, Washington, D. C. 
Craighead, F. C., Bureau of Entomology, Washington, D. C. 
Crampton, G. C., Agricultural College, Amherst, Mass. 
Crawford, H. G., Entomological Branch, Ottawa, Can. 

Creel, C. W., University of Nevada, Reno, Nev. 

Criddle, Norman, Treesbank, Manitoba, Can. 

tCrosby, C. R., Cornell University, Ithaca, N. Y. 

Crossman, S. S., Bureau of Entomology, Melrose Highlands, Mass. 
Crumb, S. E., Box 233, Puyallup, Wash. 

Cutright, C. R., Agricultural Experiment Station, Wooster, Ohio. 


-Dampf, Alfons, Avenida Insurgentes 171, Mexico, D. F., Mexico. 
Daniel, D. M., Experiment Station, Geneva, N. Y. 
Davidson, William, R. F. D. No. 1, Silver Spring, Md. 
Davis, A. C., Box 387, Garden Grove, Calif. 
Davis, E. W., Box 342, Richfield, Utah. 
Davis, I. W., Danielson, Conn. 
tDavis, J. J., Agricultural Experiment Station, Lafayette, Ind. 
tDean, George A., Kansas State Agricultural College, Manhattan, Kan. 
tDeCoursey, R. M., Conn. Agr. Coll., Storrs, Conn. 
tDeLong, Dwight M., Ohio State University, Columbus, Ohio. 
De Ong, E. R., 300 Entomology Bldg., Univ. California, Berkeley, Calif. 
Detwiler, J. D., 844 Hellmuth Ave., London, Ontario. 
Dietz, H. F., 522 Buckeye St. Wooster, Ohio. 
Doane, R. W., Stanford University, Calif. 
Dodds, Clifford T., 429 No. 8th St., Santa Paula, Calif. 
Dohanian, S. M., 42 Cedar St., Somerville, Mass. 
Doucette, C. F., Box 566, Sumner, Wash. 
TDouglass, J. R., Box 353, Estancia, New Mexico. 
Dowden, P. B., Kapy utca 21, Budapest, II, Hungary. 
Downes, W., Dominion Entomological Lab., Dept. Agriculture, Victoria, B. C. 
Dozier, H. L., Agricultural Experiment Station, Newark, Del. 
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tDrake, C. J., lowa State College, Ames, Iowa. 

Driggers, B. F., Agricultural Experiment Station, New Brunswick, N. J. 
Dudley, J. E., Jr., Experiment Station, Madison, Wisc. 

Dunavan, David, Clemson College, S. C. 

Dunham, W. E., O. S. U., Columbus, Ohio. 

tDunnam, E. W., I. S. C., Ames, Iowa. 
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Proceedings of the Forty-Second Annual Meeting of the 
American Association of Economic Entomologists 


The 42nd annual meeting of the American Association of Economic 
Entomologists was held at the Savery Hotel, Des Moines, lowa, Decem- 
ber 30, 1929 to January 1, 1930. 

The Section of Plant Quarantine and Inspection convened at 9:5U 
A. M., December 30 and adjourned the same day at 6:10 Pp. mM. Chairman 
F. N. Wallace, Indianapolis, Indiana, presided and S. B. Fracker, 
Washington, D. C., was the Secretary. In his address as Chairman, Mr. 
Wallace discussed the training and temperament required for successful 
plant quarantine enforcement. The status and importance of the 
Mediterranean fruit fly eradication campaign in Florida were described 
by L. A. Strong and Wilmon Newell. Other phases of Federal quar- 
antine activities were discussed in papers by L. B. Smith, W. E. Flem- 
ing, C. H. Hadley, S. B. Fracker, R. A. Sheals and L. B. Hutchins. 
Similar work in the various states was discussed by L. M. Gates, E. L. 
Chambers, K. C. Sullivan, B. F. Boillot, R. W. Harned and E. N. Cory. 
Reports of National and Regional Plant Boards were given. 

E. N. Cory, College Park, Maryland, was elected Chairman for the 
ensuing year and S. B. Fracker continues as Secretary. 

The Section of Extension (J. A. Hyslop, Washington, D. C., Chair- 
man; G. F. MacLeod, Ithaca, N. Y., Secretary) met on the afternoon 
of December 30. J. A. Hyslop presented a paper on the ‘“‘Work of the 
Insect Pest Survey and Insect Conditions during 1929.’’ G. A. Dean 
presented a paper on “Factors that Determine the Selection of Control 
Measures.”” These two papers were followed by reports on extension 
work in Iowa, by F. D. Butcher, in Ohio, by T. H. Parks, in New York 
by C. R. Crosby, in Illinois by J. H. Bigger, in Missouri by L. Haseman, 
in Nebraska by O. S. Bare and in Colorado by G. M. List. 

C. R. Crosby, Ithaca, N. Y., was elected Chairman for 1930 and T. H. 
Parks, Columbus, Ohio, Secectary. 

The Section of Apiculture (G. M. Bentley, i ali Tenn., Chair- 
man; E. N. Cory, College Park, Maryland, Secretary) was addressed 
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by the Chairman and had a program of ten papers dealing with various 
phases of apiculture. R. L. Parker, Manhattan, Kansas, is Chairman 
for 1930 and F. B. Paddock, Ames, lowa, Secretary. 

The Crop Protection Institute held a dinner and meeting Monday 
evening, December 30. 

The program of the main Association opened Tuesday morning with 
the usual business session, after which President T. J. Headlee gave his 
address “Some Tendencies in Modern Economic Entomological Re- 
search.’ It was brought out in the address, and in the discussion that 
followed it, that the entomologist in his studies finds himself confronted 
with problems that have to do with many branches of science, and that 
in order to satisfactorily solve these problems he must obtain the assist- 
ance of workers in these other fields. Reading of papers followed. 
Fifty-seven papers were on the program. Of these, four papers dealt 
with insects affecting forest and shade trees, eighteen with insects 
affecting deciduous fruits, thirteen with insects affecting cereal, forage 
and field crops, one with insects affecting animals, five with insecticides 
and appliances, five with insects affecting truck crops, five with insects 
affecting the household and stored products and six were classed as mis- 
cellaneous. Of the papers having to do with insects affecting deciduous 
fruits, six dealt with the codling moth and five with the oriental fruit 
moth and various measures for the control of both pests were discussed. 
Papers relative to new pests of apple, cherry and raspberries were also 
presented. The papers on insects affecting cereal, forage and field crops 
dealt with several insects. Three had to do with the biology of the 
hessian fly and others had to do with the corn borer, the pink bollworm, 
wireworms and certain insects attacking clover and alfalfa. The papers 
dealing with insects affecting truck crops had to do with the Mexican 
bean beetle, the potato leaf hopper and the onion maggot while those 
relating to insects affecting the household and stored products covered 
the control of insect pests of upholstered furniture, storage of furs and 
other garments, the pea weevil problem and methods of protecting seed. 
Papers having to do with insecticides dealt with lead arsenate and so- 
dium fluosilicate, arsenical substitutes, oil sprays and insect respiration 
in relation to the toxicity of contact insecticides. Other papers were 
presented that treated of parasites, insect association studies and ex- 
perimental plots. 

The meeting ended with a final business session with 142 members 
being admitted to the Association. Franklin Sherman, Clemson College, 
S. C., was elected President, J. S. Houser, Wooster, Ohio, First Vice- 
President and A. F. Burgess, Melrose, Mass., Secretary. 
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On the Sunday preceding their meeting many of the members went to 
the Iowa State College at Ames. Besides visiting the Department of 
Zoology and Entomology of the College the members attended a dinner 
at the Memorial Union and later listened to an address by Dr. Herbert 
Osborn of Ohio State University concerning the early history of ento- 
mology in the central states. The entomologists’ dinner was held at 
the Hotel Savery, Des Moines, Tuesday night, with an attendance of 181. 
Those present very much enjoyed the musical entertainment and a 
humorous dialogue having to do with entomology and entomologists. 

The business proceedings form Part I of this report and the addresses, 
papers and discussions form Part II. 


PART I. BUSINESS PROCEEDINGS 


The meeting was called to order by President T. J. Headlee at 9:50 
A. M., December 31. Approximately 200 members and visitors attended 
the sessions. 

(A dagger (+) before the name of a member in the printed membership 
list indicates that he signed the register as attending the Des Moines 
meeting.) 

PRESIDENT T. J. HEADLEE: Gentlemen, the 42nd annual meeting of 
the Association is now open for business. 

The first item is the report of the Secretary. 


REPORT OF THE SECRETARY 

Membership in the Association at the time of the New York meeting, together 
with the election of new members, resignations, those dropped for non-payment of 
dues and losses by death since, is summarized as follows: 

Active Associate Foreign 

Total membership, beginning of New York meeting 446 45 
Transferred from Associate to Active membership, New 

York meeting 


Members elected, New York meeting 
Re-instatements, New York meeting 
Resignations, New York meeting 


Dropped for non-payment of dues, 1929............... 
Deaths recorded since New York meeting 


Total membership, beginning of Des Moines meeting 
Grand Total 
Net gain 


492 398 45 
“es eee 5 
491 499 50 
-l 
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J. W. McColloch, an active member of the Association, died November 11, 1929, 
at Manhattan, Kansas. He was an entomologist of wide experience in both teaching 
and research. He had been connected with the Experiment Station at Manhattan 
and the Kansas Agricultural College since his graduation there in 1912. He had 
published several useful papers on his findings in connection with insects affecting 
cereal crops. 

C. W. de Rekenski, an associate member, who became enrolled in 1929, died in 
April, 1929. No further details known. 

The 14th annual meeting of the Pacific Slope Branch was held at the University of 
California, Berkeley, June 20 and 21. The total attendance was 88 members and 
visitors. 

The Cotton States Branch held its 4th annual meeting at the Rice Institute, 
Houston, Texas, February 6 and 7, at the same time and place as the Southern 
Agricultural Workers. The total attendance of 71 exceeded that of any other meeting. 
The program required the time of two long sessions. 

The Eastern Branch held its second annual meeting in New York City, at the 
American Museum of Natural History, November 21 and 22. It proved to be very 
interesting, with a full program of about 45 papers and about 100 members and 
visitors were present. 


JouRNAL oF Economic ENTOMOLOGY 


Volume 22, of the JouRNAL oF Economic ENTOMOLOGY has just been completed 
and contains 1019 printed pages, the largest volume in its history and the first year 
that the pagination has exceeded 1000. For the first 16 years the JouRNAL con- 
tained an average of 515 pages; during the six years of 1924 to 1929 inclusive, the 
pagination has gained an average of 368 or 71 per cent over the previous 16 years 
treated as a whole. 

This gain in size of the JOURNAL has been accomplished during the six-year period 
treated here without increasing the subscription price. This has been made possible 
by the hearty co-operation of the members subscribing liberally to the publication 
and the strong and increasing demand in subscriptions from foreign countries. 

Complete sets of the JouRNAL are still available, excepting Volume 1 (No. 2 of 
which is out of print). It was necessary to raise the price of some of the volumes 
during the current year—Volume 15 selling for $4; Volumes 8 and 11 for $4.50 each; 
Volumes 18 and 19 for $5 each and Volume 12 for $6. 

It may be necessary to further increase the price of certain volumes next year as 
the supply decreases. Members desiring to complete their sets should take advantage 
of the present rates before the supply becomes further exhausted. 

The following table shows the total domestic and foreign subscribers in 1913, 1923, 
1928 and 1929: 

1913 1923 1928 1929 


California 
Colorado 
Connecticut 
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1913 1923 1928 1929 


Maryland 
Massachusetts 
Michigan 
Minnesota 
Mississippi 
Missouri 


New Hampshire 
New Jersey 
New Mexico 


Pennsylvania 
Rhode Island 
South Carolina 


Virginia 
Washington 
West Virginia 
Wisconsin 
Wyoming 


Total for U.S....... 


U. S. Insular Possessions and Cuba................. 
10 


Panama and Virgin Island 2 
Philippines 5 
Porto Rico and Cuba a 


317 


GRAND TOTAL 1020 1503 


The above table, together with those published in previous years, shows the 
following gains: 

One hundred fifteen subscriptions in 1925 over 1924; 98 subscriptions in 1926 over 
1925; 77 subscriptions in 1927 over 1926; 89 subscriptions in 1928 over 1927; 63 sub- 
scriptions in 1929 over 1928. 


pl 520 765 1098 1135 
1 
6 
13 
Cc 56 
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InpEX I AND II To THE LITERATURE OF AMERICAN EcCoNoMIC ENTOMOLOGY 

The accounts of these two volumes have been combined since 1925, at which 
time their indebtedness to the Association was paid off. The sales of these two publi- 
cations during the yeag amounted to $203.29, which is slightly less than the receipts 
of 1928. There are on hand at the present time about 440 copies of Index I and about 
460 of II. From this combined account, $675 was loaned in 1925 for the publication 
of Index III. There gemains at the end of this fiscal year $125 indebtedness to Indices 
I and II. (See financial statement.) 


Inpex III To THe LITERATURE OF AMERICAN EcoNoMIC ENTOMOLOGY 

In the Secretary's report for 1925 it was stated that $1675 was borrowed from the 
Association, JOURNAL and Indices I and II accounts to assist in financing the publi- 
cation of Index III. This indebtedness has been paid back, with the exception of $125 
still due Index I and II accounts and $500 to the JouRNAL account, making a total of 
$625 indebtedness. 

The amount received from sales of this number in 1927 was $205.15, in 1928 
$195.50 and $148.26 in 1929. There are about 630 copies still on hand of this volume. 

It has been stated that there are about 440 copies of Index I, published in 1917; 
460 of Index II, published in 1920 and 630 of III, published in 1925. It would ap- 
pear that the stock on hand slightly exceeds the demand for these volumes and 
this being the case, I would recommend that a smaller edition be printed of Index IV, 
providing that number is to be published in 1930. It would seem as though 800 copies 
would be a sufficient number to satisfy the demand for quite a number of years. 

PERMANENT FuND 

At the Philadelphia meeting in 1926, the Association voted that the interest on 
all deposits be transferred annually to the credit of the Permanent Fund. As a 
result, in 1928 $475.99 was so transferred and $517.75 in 1929 (The latter figure is 
exclusive of $63.75 interest on Liberty Bonds. The 1928 figure includes such interest.) 

The Executive Committee this year approved the transfer to the Permanent Fund 
of $500 from the Association account and $200 from the JoURNAL account. 

No application for life membership was received in 1929. 

ASSOCIATION STATEMENT 

Balance in Treasury, November 26, 1928................... $1057.31 


Amount received from dues and separates 1529.00 
Amount received from bank interest 9.00 


Programs and notices 
Supplies and stationery 
Transferred to Permanent Fund 


Expenses of Pacific Slope Branch 
Expenses of Cotton States Branch 
Returned checks 

Secretary 

Clerical work, Secretary's office 

Refunds on Applications for Membership 
Mimeographing 

Miscellaneous Expenses, Secretary's office 


$ 981.62 
Balance, November 30, 1929 1613.69 


$2595.31 $2595.31 


Balance deposited in First National Bank, Malden, Mass. 


6 
Paid—Stenographic Report, 1928...................... $ 94.92 
Tra t rmanent Fund........... 9.00 
18.65 
23.73 
9.60 
100.00 
6.00 
3.75 
39.24 
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JouRNAL STATEMENT 


Balance in Treasury, November 26, 1928................ $ 4072.23 
Amount received from subscriptions, reprints, advertising, etc........ 6335.60 
Amount received from bank interest..................ccccceceuees 12.00 

Half-tones and engravings...................... 461.39 
Telegraph, Express and Freight................. 3.97 


Clerical work, Editor’s Office................. : 190.00 
Clerical work, Business Manager's Office......... 135.00 
Transferred to Permanent Fund................ 200.00 
Transfer of interest to Permanent Fund.......... 12.00 
Miscellaneous Expenses, Business Manager's Office 14.50 
Refund on Applications for Membership. ........ 10.00 


4375.11 


$10419.83 $10419.83 
Balance deposited in First National Bank, Malden, Mass.... $ 2851.35 
Balance deposited in Melrose Trust, Melrose, Mass......... 1523.76 
$ 4375.11 

INDEX I AND II STATEMENT 
Balance in Treasury, November 26, 1928.................. $1198.91 


Transfer of interest to Permanent Fund................ 5.60 

$ 11.36 

$1546.44 


$1557.80 $1557.80 
Balance deposited in First National Bank, Malden, Mass. ... $1546.44 


InpEx III STATEMENT 


Balance, in Treasury, November 26, 1928.................. $ 12.40 

Transferred to Index I and II account................. 150.00 


$ 153.81 


Balance deposited in First National Bank, Malden, Mass... . 


INDEBTEDNESS OF INDEX III 


"$6044.72 
3 160.66 $ 160.66 
$ 6.85 
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PERMANENT FuND 


Balance, Melrose Savings Bank, November 26, 1928 

Interest on Deposits, Melrose Savings Bank 

Interest on Liberty Bonds 

1929 Interest from First National Bank, Malden, Mass 
(Accounts: Indices I and II, Index III, JourNAL, Assoc.) 

1929 Interest from Melrose Trust Company, Melrose, Mass 
(JOURNAL account) 

Interest, Certificate of Deposit, First National Bank, Malden 
(Accounts: Indices I and II, JouRNAL, Association) 

Paid into Permanent Fund from Association 
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Respectfully submitted, 
C. W. Secretary 


Mr. W. B. Heras: I have just heard the report of the Secretary. 
Before anything else is done by this Association, I move that the Secre- 


tary be instructed to send a telegraphic message of greetings and best 
wishes from this Association to Mr. Collins. 


The motion was adopted. 

PRESIDENT T. J. HEADLEE: Before I ask for the disposition of the 
report of the Secretary, I should like to have the report of the Com- 
mittee on Audit. 


REPORT OF THE AUDITING COMMITTEE 


We have examined the books of the Secretary-Treasurer and find them to be 
correct insofar as the entries are concerned. To make a final audit, complete docu- 
mentary evidence is necessary and this is not available to us. 

We hereby recommend that the Association have a commercial auditing firm 
review the books each year in place of a committee of members of the Association. 

Loren B, SMITH 
T. H. Frison 


Voted that the report be accepted and adopted; after which it was 
voted that the report of the Secretary be adopted. 

Vice-President F. N. Wallace assumed the chair. 

Vice-PrEsIpENT F. N. WaLtace: We will next have the report of 
the Executive Committee by President T. J. Headlee. 
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February, '30] BUSINESS PROCEEDINGS 
REPORT OF THE EXECUTIVE COMMITTEE 


The business transacted by your executive committee previous to gathering 
for the present meeting covered the following points: (1) the appointment of an 
entomological member of the National Research Council’s Committee for the 
Chicago World’s Exhibition; (2) the local arrangements for the present annual 
meeting; (3) the appointment of a Secretary-Treasurer pro tem for the present 
meeting. Mr. W. P. Flint was selected as the committee man and told to associate 
with himself such workers as he saw fit and to do and perform according to his best 
judgment. Dr. Chas. H. Richardson was selected as chairman of the committee 
on arrangements and he was asked to associate with himself such persons as he saw 
fit and to make such local arrangements as in his judgment would be most likely 
to promote a meeting satisfactory to the membership. At the request of Secretary- 
Treasurer C. W. Collins, whose serious illness would surely prevent him from attend- 
ing this meeting, T. H. Jones of Melrose Highlands, Mass., was selected to serve in 
Mr. Collins’ place for the present meeting. 

Two meetings of your executive committee have been held since the gathering of 
entomologists for this meeting began and the following business has been transacted. 

A communication from C. W. Stiles regarding proposed amendments to inter- 
national rules of zoological nomenclature was referred to your standing committee 
on nomenclature for consideration and report. 

The duty of recommending certain papers from this meeting to the A. A. A. S. 
committee on award has been assumed by your executive committee. It is planned 
that each member shall at the immediate close of the sessions submit his choice and 
that the paper receiving the most approval shall be forwarded to the committee on 
award. 

The question of program congestion was considered but it was decided that in view 
of the smaller number of papers this year and the possible effect of branch meetings 
upon the number of papers in future years, no recommendation for change cal- 
culated to relieve congestion should be made at this time. Your committee decided 
that next year’s program could be materially improved by securing an address from 
a man in one of the most prominent economic entomological fields of endeavor and 
it recommends that Dr. W. R. Thompson of Great Britain be invited to present a 
paper before this association on the subject of biological control. 

After study of the fiscal matters of your association, your committee wishes to 
recommend the practice of having the accounts passed on previous to the meeting 
by a properly qualified auditor. The sums involved and the risk of transporting 
securities are more than sufficient to justify this action. 

Your committee has examined and approved the articles of agreement covering the 
organization of the Eastern Branch of the American Association of Economic 
Entomologists. 

Your committee has considered the request of the Eastern Branch for publication 
of its proceedings in the JouRNAL oF Economic ENTOMOLOGY and wishes to recom- 
mend that such publication be afforded, providing the said branch will bear the cost. 

Your committee has given careful study to a letter from Professor Ferris of Leland 
Stanford University, presenting his evidence that there is danger of free speech 
in quarantine matters being curtailed. Your committee’s study of this claim and 
the submitted evidence underlying it lead to the conclusion that the evidence cannot 
be properly construed as supporting the claim. Your committee believes in the free- 
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dom of speech in these and other matters~f blic interest but cannot see that it is 
being curtailed or threatened with curtaiime in this instance. 
Respectfully submitted, 

T. H. Jones, Sec. Fro Tem 

R. W. HARNED 

L. S. McLaIne 

W. B. Herme 

W. P. FLint 

P. J. PARROTT 
T. J. HEADLEE 


Voted that the report be adopte” 

President T. J. Headlee resumed the chair. 

PRESIDENT T. J. HEADLEE: The nxt item of business on our program 
is the report of the Representative to the National Research Council. 

No report was given. 

PRESIDENT T. J. HEADLEE: The next item of business is the report 
of the Governors of the Crop Protection Ins*’ ee. 


REPORT OF THE BOARD OF GOVERNORS OF THE CROP PROTECTION 
INSTITUTE 


By W. C. O’KANnE 


In the course of the year 1929, the Institute has directed 17 Research projects. 
Of these, nine are new undertakings, begun at various times in the course of the year, 
while eight are continuations of projects begun at earlier dates. 

The studies undertaken as new enterprises include the following: 


Control of brown patch of golf greens. 

Development of a new insecticide for mosquitoes, flies and the like. 

Incorporation of a fungicide in oxidized oil. 

Methods of extraction of pyrethrum. 

Experiments with naphthalene derivatives. 

A study of cocoanut oil emulsions. 

Development of a special adhesive tape for use in grafting fruit stocks. 

A study of the insecticidal and fungicidal possibilities of some new compounds 
originating in the tanning industry. 

Incorporation of fungicides in saturated oils. 


The projects continued from earlier dates include the following: 


Experiments in plant introduction. 

Research in alkaloids as insecticides. 

A study of repellents. 

Further work on a summer oil spray. 
Development of a new type of sulphur. 

Further research in oxidized oils as insecticides. 
Continuation of research in derivatives of furfural. 
Studies of shale oils. 


The geographical distribution of these research projects includes 13 states, ranging 
form Massachusetts and New Hampshire in the east, to Florida in the South, and to 


Kansas in the west. 
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The staff of research men nas varied from 16 to 20, the greater part of whom are 
on a full-time basis. As in prior years, some of these men have been permitted to 
take « subject at a time toward completion of their doctorate. Usually the men 
who are da‘ng this are able to utilize some part of their investigational work as the 
basis for their doctorate dissertation. 

The plan of operation of the Instit ,emains the same as in former years. Each 
project is h.ndl«4 as a separate enterprise with its own supervising committee, 
selected fr the ranks of entomologists, plant pathologists, and chemists. The 
cooperation of experiment stations continues to be a vital factor in the success of 
the Institute’s work. 


Voted that the report be adopted. 
PRESIDENT T. J. HEADLEE: The n <t item of business is the report of 
the Scientific Trustee, Tropical Plan. Research Foundation. 


REPORT OF THE SCIENTIFIC TRUSTEE, TROPICAL PLANT RESEARCH 
FOUNDATION 


The activities in entomological lines under direction of the Foundation have 
been confined, as heretofore for the most part to the station established at Baraguéa, 
with Professor D. L. Van 1. ‘ie as the local director. The studies have continued 
on the sugar cane insects and papers have been published giving the results of studies 
of these insects. It is stated by Mr. Van Dine that there is a plan to shift the emphasis 
in entomological work so that more attention may be given to the soil insects which 
affect sugar cane. 

Publications relating to entomology include a bulletin entitled ‘‘A Survey of the 
Investigation of the Sugar-Cane Moth Borer in Cuba,” by H. K. Plank, ‘The 
Parasites of Sugar-cane Moth Borer in Cuba”’ by D. L. Van Dine, ‘“‘Natural Enemies 
of the Sugar Cane Moth Borer in Cuba” by H. K. Plank, published in the Annals 
of the Entomological Society of America, and two articles by H. K. Plank, “‘Nema- 
todes Parasitic on Diatraea saccharalis Fabricius in Cuba” and “Fungi Attacking 
Diatraea saccharalis Fabricius in Cuba,” both published in the JoURNAL OF ECONOMIC 
ENTOMOLOGY. 

There has been considerable change in the personnel of the station staff, Mr. C. F. 
Stahl having resigned to take up work with the U. S. Bureau of Entomology. Mr. 
Stahl’s place has been filled by the appointment of Mr. U. C. Loftin to the position 
of Chief Entomologist, effective Nov. 1, 1929. Mr. H. K. Plank has been promoted 
to the position of Entomologist. Mr. Luis C. Scaramuzza, Assistant Entomologist, 
has been transferred from Baragud to Jarona to continue the biological studies on 
the parasites of the moth stalkborer. Mr. L. Dean Christenson, recently in the 
U. S. Bureau of Entomology under Dr. B. R. Coad, has been appointed to the posi- 
tion of Assistant in Entomology, effective Oct. 20, 1929, to be stationed in Baragua. 

An interesting development concerning the activities of the Foundation may 
be mentioned in connection with a request from Colombia for the Foundation to 
suggest an entomological teacher for the Agricultural School at Medellin. After 
consideration of a number of candidates the Foundation recommended Doctor C. H. 
Ballou, formerly with the Experiment Station of Cuba and therefore quite familiar 
with the Spanish language, recently with the Bureau of Entomology at Moorestown, 
New Jersey, and his appointment came in due course and he is doubtless now in 
charge of the work in Colombia. This case emphasizes what has already been men- 
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tioned, that the openings for qualified entomologists in tropical work seem to be 
increasing and it would seem desirable that more of our young Entomologists should 
look to this field as a possibility and qualify themselves in the use of Spanish as a 
quite necessary feature of their work. 

My two months sojourn in Porto Rico during the past winter has served to in- 
crease my interest in tropical studies and appreciation of the immense field of 
entomological work in the tropical countries of America. 

é HERBERT OSBORN 
Voted that the report be adopted. 


PRESIDENT T. J. HEADLEE: The next item of business is the report of 
the Representative on the Council of the Union of Biological Societies, 
by Dr. A. L. Quaintance. 


No report was read but Dr. Quaintance requested that the following 
report be inserted in the business proceedings. 


REPORT ON BIOLOGICAL ABSTRACTS TO THE SOCIETY REPRESEN- 
TATIVES ON THE COUNCIL OF THE UNION OF AMERICAN 
BIOLOGICAL SOCIETIES 


Dr. C. E. McClung, President of the Union of American Biological Societies, 
informs me that it will not be practicable to hold a meeting of the Council of the 
Union at the Des Moines meeting. Since Biological Abstracts is a creature of our 
national biological societies, he therefore suggests that I submit a brief report to the 
Society representatives on the Council to be brought to the attention of their respec- 
tive societies as opportunity may present itself at the coming meetings. 

The year has been one of substantial progress. Thirty-six thousand abstracts have 
been published in 1929 (45,000 sent to press), and with the January, 1930, issue 
the regular monthly publication schedule of single numbers will have been estab- 
lished, the numbers containing on the average about 3,000 abstracts each. The 
arrears in publication have been greatly reduced during the year; some still remain 
but it is expected that during 1930 these will be practically eliminated. 

It was hoped that the indexes of Volume I would be issued before the meetings, 
but this has not been possible. The indexes provide both a systematic topical and 
alphabetic subject approach to the literature, and as such will, it is believed, prove 
unusually serviceable. Their initial organization, however, is a difficult and time- 
consuming task.. The editors are adhering steadily to the policy of setting reasonably 
high standards and working out sound policies and procedure, knowing that in so 
doing speed of issuing subsequent indexes will be greatly increased and the quality 
safeguarded. The systematic index, which has been difficult because it involves 
adoption by the section editors of systems of classification of the groups throughout 
the organic kingdom, is practically all in type and partly proof read. The subject 
index with its innumerable problems is partly in type and will be wholly so within 
the next two months. The indexes of Volume I may therefore be expected confidently 
in the Spring. 

The seriousness of the delay in the indexes is appreciated. It is hoped however 
that biologists will approve the policy of proceeding sufficiently deliberately to 
establish sound policies and standards in the initial effort. It should again be pointed 
out that the permanent reference value of an abstracting journal depends almost 
wholly upon the quality and completeness of its indexes. 
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Aside from progress in publication the most significant development of the year 
is the cooperation from the Federal Department of Agriculture, which made pos- 
sible on July 1 last the establishment of a branch office in the Department of Agri- 
culture Library at Washington. All incoming library material is seen by the Biologi- 
cal Abstracts staff and all journals with suitable biological content not already 
perused at Philadelphia or elsewhere are covered. As there is no institution in Phila- 
delphia primarily concerned with agriculture, this development makes good one 
of the chief deficiencies in Biological Abstracts by insuring full representation in 
fields partly or largely served by agricultural and related serials, notably, economic 
entomology, plant pathology, many phases of bacteriology, animal production, 
horticulture, agronomy, forestry, and to a lesser degree many other fields represented 
by sections in Biological Abstracts. The results will shortly be evident in the printed 
issues. For this cooperation the Federal Department has made available about $5000 
for salaries and current operation and about $5000 for serials desired both by Biologi- 
cal Abstracts and the Department of Agriculture Library. 

Thus the number of current serials examined first hand has been brought to about 
5500—about 2500 at the Academy of Natural Sciences of Philadelphia; 1200 at 
the College of Physicians (Philadelphia), 1200 at the central office; and 600 at the 
Department of Agriculture Library. Over 3000 collaborators, representing every 
country with biological activity, provide the bulk of the abstracts; the journal, 
like science itself, is thus a cosmopolitan rather than a sectional or provincial product. 
As soon as conditions warrant it is planned to consult at the Surgeon Generals 
Library all pertinent serials not already taken care of elsewhere. When this is done 
fair completeness should be reached, probably bringing the number of serials exam- 
ined to about 6000. 

Attention is again called to some of the fundamental considerations which led 
to the creation of a comprehensive and inclusive abstracting journal for biology. 
Research in biology, as in other sciences, is steadily becoming more specialized. 
This has been accompanied by the establishment of a larger and larger number of 
more or less correspondingly specialized abstracting journals, highly useful but inevi- 
tably tending toward isolation and separation of closely related fields. This tendency 
is analytic. But with narrower specialization comes the increasing problem of 
synthesis; we are still concerned with wholes. Also, impetus to progress in a given 
field comes quite as often from another direction as from advances in the field itself. 
Hence, Biological Abstracts through its sectional arrangement is attempting to 
meet the analytical needs of the specialist; but at the same time through its compre- 
hensiveness to make a substantial contribution to synthesis and to enable specialists 
to take advantage easily of advances in other fields which may have application to 
problems in their own. 

Reassuring in this connection is the fact that the size of the inclusive service, 
which gave rise earlier to some concern, is well within the prediction of the committee 
in charge of planning the service. It will be some years before the journal occupies 
as much as five inches of shelf space annually; Chemical Abstracts has long been 
bulkier than this, as was Botanical Abstracts in its later years. Typography, format, 
and paper combine to make the journal extremely economical of shelf space. 

The present subscription price is $15 annually, with a 40 per cent reduction ($9 net) 
for personal subscriptions. With the increasingly strong support of individual 
biologists through subscriptions it is believed that these rates can be maintained 
even when the journal has reached approximate completeness. Without this support 
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the journal cannot reach its goal. The practical question is whether biologists in 
large numbers are willing to invest nine dollars a year in their cooperative enterprise 
to provide in the near future a thoroughly adequate, substantial, and enduring 
instrument, and in this respect place biology on an equal footing with chemistry. 

The single strong comprehensive abstracting and indexing journal in chemistry 
has made available a splendid service, admittedly adequate and indispensable for 
chemists, at a cost to the American Chemical Society of about $10 per member, 
each of whom -through the annual society dues supports the abstracting journal. 
In biology with the development of a very large number of highly specialized abstract- 
ing journals, many of them costing from $30 to $75 and over annually, equally 
complete service entails an annual subscription outlay of between $500 and $1000, 
though the literature covered by them is only about one-third to one-half greater 
than that covered by Chemical Abstracts. 

A definite start has been made in Biological Abstracts; it is believed that there is 
no insuperable obstacle in the way of developing it into a service which will serve 
biologists as adequately as Chemical Abstracts serves chemists. There have been 
many delays, shortcomings, etc., regretted as much by the editors as they may 
have irritated and disappointed subscribers; but one by one they are being overcome, 
and we appeal to the steadfast support of all biologists (who by an overwhelming 
referendum vote approved the initiation of the journal) through subscription and 
collaboration to bring the journal to full development and establish firmly an agency 
able to cope permanently with the rapidly increasing complexity of the literature. 

A. L. QUAINTANCE 


PRESIDENT T. J. HEADLEE: Next is the report of the Committee on 


Nomenclature. 

After J. A. Hyslop read the report there was considerable discussion, 
particularly as to how many votes for and against a certain common 
name for an insect should form the basis for the approval or rejection 
of that common name by the Association. In view of the fact that the 
Committee might wish to make some changes in its report it was voted 
to allow the Committee to bring in another report at the final business 
session, January 1. 

PRESIDENT T. J. HEADLEE: The next item of business is the report 
of the Committee on Endowment. 

No report was made. 

PRESIDENT T. |. HEADLEE: The next item of business is the report 
of the Editorial Board on Index to Economic Entomology. 


REPORT OF EDITORIAL BOARD ON INDEX TO AMERICAN ECONOMIC 
ENTOMOLOGY 


Acting under the authority given at the last annual meeting, your committee 
arranged through the courtesy of Dr. C. L. Marlatt, U. S. Bureau of Entomology, 
for the compilation of the references for Index 4 to cover the five year period ending 
December 31, 1929. Information at hand indicates that material progress has been 
made, that the size of the volume will be approximately that of Index 3 and that 
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the material may be assembled and ready for the printer early in 1930. The same 
general policy is being followed in regard to the selection of items for inclusion, 
though less attention has been given to agricultural papers, since a relatively much 
smaller amount of original matter is published in these serials. Very little anonymous 
material is included. It is planned to include in the Index the recognized common 
names of insects. 

The action at the last annual meeting authorized the Editorial Board to proceed 
in its discretion with the publication of the Index and to fix as heretofore the price 
of copies. The above may therefore be considered as a report on the progress made 
and unless some material objection develops, the Editorial Board will proceed to 
complete the project. 

Respectfully submitted, 
E. P. FELT 
C. W. CoLLins 
D. M. DELoNG 


Voted that the report be adopted. 
PRESIDENT T. J. HEADLEE: Next is the report of the Board of Trustees 
for Permanent Fund. 


REPORT OF THE BOARD OF TRUSTEES OF THE PERMANENT FUND 


Deposited in Melrose Savings Bank November 19, 1928...... $5315.04 


63.75 


237.20 


Interest on Bank Deposit. ... . 
Received from Secretary: 
Interest on funds of the Association.......... 
Transfer from Association 


Transfer from JOURNAL Fund................ 980.55 


$6596.54 
Liberty Bonds............. 1500.00 
Respectfully submitted, 
A. F. BurGess, Chairman 
C. W. CoLLins 
G. M. BENTLEY 
T. J. HEADLEE 


There was some discussion as to whether some of the Fund could be 
invested to better advantage. L.S. McLaine made a motion which, as 
finally adopted, took the following form: ‘Moved that it be suggested 
to the Board of Trustees for Permanent Fund that they consider in- 
vesting an additional part of the Fund in bonds. It was then voted to 
adopt the report. 

PRESIDENT T. J. HEADLEE: The next item of business is the report 
of the Committee on National Museums. 
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REPORT OF THE COMMITTEE ON NATIONAL MUSEUMS 


Previous reports have stressed the need of more adequate support for the Division 
of Taxonomy of the Bureau of Entomology of the United States Department of 
Agriculture. This Division serves all entomological workers in the United States. 
It should be in a position to attract and hold leading specialists in all groups of 
insects. The same statement applies equally well to the situation in Canada. 

The service ‘provided by National Museums of Canada and the United States to 
entomologists of the North American Continent has been invaluable but the demand 
so far exceeds the facilities for fulfilling the needs that prompt identifications are 
often impossible. The prompt identification of an insect may permit effective con- 
trol of a serious pest, or in the case of an introduced species may permit immediate 
effective operations which would have been ineffective without prompt recognition. 

To a large degree the development of economic entomology in the United States 
and Canada is dependent on the development of the insect divisions in our National 
Museums so that they can serve the entomologists and indirectly all the citizens 
of these countries. 

Adopting reports of this committee from year to year will accomplish nothing if 
the individual members of the Association do not do their part. A start has been 
made this year by advising certain senators and representatives in the Congress of 
the United States of the importance of the taxonomic work and the need of more ade- 
quate support. 

We urge that all entomologists in the United States write their representatives 
and senators promptly and inform them of the great need for more adequate support 
for the Taxonomic Division of the Bureau of Entomology. 

Respectfully submitted, 
J. J. Davis 
H. H. Knicut 
E. C. Van Dyke 
A. W. BAKER 
R. W. HARNED, Chairman 


Voted that the report be adopted. 

PRESIDENT T. J. HEADLEE: The next item of business is the report of 
the Coordinating Committee on Program 

No report was given. 

PRESIDENT T. J]. HEADLEE: Next is the report of the Committee to 
Formulate Plans for Investigation of the Codling Moth from Biologic 
and Control Standpoints. 


REPORT OF COMMITTEE TO FORMULATE PLANS FOR INVESTIGA- 
TIONS OF THE CODLING MOTH FROM BIOLOGIC AND CONTROL 
STANDPOINTS 


This Committee has continued to function along the lines indicated in previous 
reports. On January 3, 1929, following the New York meetings, a general conference 
was held at Washington, attended by some 44 entomologists and others concerned 
with the problem of codling moth control and spray residue. The results obtained 
the previous season, and plans for the coming year, were discussed. Minutes of 
the meeting, including abstracts of reports sent in by workers unable to attend the 
conference, were circulated among the participants and others interested. 
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A similar roundup will be held February 10, 1930. A mimeographed summary 
of the information brought out at this conference will be later furnished to the workers 
in attendance, and will also be available to others on request. 
Respectfully submitted, 

A. L. QUAINTANCE 

B. A. PoRTER 

G. A. DEAN 

LeRoy CHILDS 

P. J. PARROTT 

W. P. FLint 


Voted that the report be adopted. 
PRESIDENT T. J. HEADLEE: The next item of business is the report of 


Committee on Research Work on the Control of the European Corn 


Borer. 
REPORT OF THE JOINT COMMITTEE ON EUROPEAN CORN BORER 
The European corn borer has continued its natural spread since its discovery 

in America in 1917. Its average rate of advance to the South and West has been 

from 25 to 30 miles per year. In 1929 it occupied 10,000 to 12,000 square miles of 
new territory in the United States. It now occurs throughout the southern portion 
of Quebec and Ontario, as well as locally in New Brunswick and Nova Scotia in 

Canada, the southern two-thirds of New England, the northern extremity of New 

Jersey, all of New York, three-fourths of Pennsylvania and Ohio, the Panhandle of 

West Virginia, nearly all of the agricultural portion of Michigan and the north- 

eastern fourth of Indiana. It has now reached the threshold of the main Corn Belt. 

The corn borer is only thinly distributed over the newly infested territory and 
causes no apparent injury. It increases in numbers rather slowly at first and, judging 
from past experience, will not cause evident injury in the first two to four years. 
This provides a period during which the entire community should obtain and apply 
the latest recommended control measures. In most of the older infested areas, 
the borer has increased greatly in numbers. Where this insect has been established 
for several years, commercial damage to corn now occurs unless natural factors 
have checked the borer temporarily or adequate control measures have been applied. 
If this is true in the eastern edge of the Corn Belt, where most of the corn is cut and 
much of it put in the silo, thus simplifying an adequate clean-up, how much more 
will it be true in the main Corn Belt where most of the stalks are left in the field? 

It, therefore, is still the opinion of the Joint Committee that, unless the corn 
borer is controlled, it will become one of the most destructive crop pests ever intro- 
duced into America. The situation, presenting as it does, the possibility of enormous 
agricultural losses, calls for the continued cooperation of the farmer, the scientist, 
the educator, and all State and Federal administrative officials. 

The cooperating committee of entomologists, agronomists, agricultural engineers, 
agricultural economists, and animal husbandmen, most heartily endorses all en- 
deavors to control the corn borer, and commends the efforts of all farmers practicing 
control measures and all persons engaged in the research, regulatory, and educational 
activities. 

The committee recognizes the necessity for the continued development of the 
research, educational, and quarantine programs of the State and Federal Govern- 
ments and earnestly recommends the appropriation of the funds necessary to main- 
tain these activities, and expand them when necessary. 
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After careful and complete investigation of the corn-borer regulatory, research, 
and educational activities, the committee suggests and recommends: 


1. That since the quarantine efforts have been successful in preventing long- 
distance spread by artificial means, and since the only known spread of any import- 
ance in the United States has been by the natural flight of the corn-borer moths 
or by water drift of infested material, the quarantine activities of the Federal Govern- 
ments of the United States and Canada should be supported and encouraged by 
the States and Provincial Agricultural Colleges and Experiment Stations, the State 
Departments of Agriculture, and all other agencies interested in the welfare of 
American agriculture. 

2. That because the clean-up in certain of the infested areas has not been com- 

plete and the borer population 1s increasing, quarantine action is much more impera- 
tive. 
3. That scouting should be continued in the areas contiguous to known infested 
areas and extended to the larger corn-producing States where areas seem particularly 
exposed to infestation. Ample funds should be available for a thorough clean-up of 
isolated infestation in such areas. 

4. That two primary methods of control of the corn borer are recognized, namely, 
(a) the utilization or destruction of all host plant remnants each year, and (b) the 
somewhat later planting of corn. To facilitate the first of these methods labor saving 
tools and farm machinery should be devised or improved as rapidly as possible. 

5. That gratifying progress in European Corn Borer research has been made 
during the past year. Certain phases have already yielded results from which 
conclusions of both practical and technical value have been drawn. On the other 
hand, the committee wishes to emphasize the necessity for continued effort in each 
of the major lines of entomology, agronomy, agricultural engineering, agricultural 
economics and animal husbandry. While certain lines of work have served their 
purpose and should be discontinued along with those that have been found unfruit- 
ful, there are still many problems requiring continued study as well as others yet 
unattacked and it is urged that future emphasis be given these. In addition, the 
committee suggests that all major phases be expanded so far as practicable, into 
corn-belt States not yet infested with the borer. 

Respectfully submitted, 


American Association of Economic Entomologists 
G. A. DEAN D. J. CAFFREY 
L. CAESAR J. J. Davis 
C. J. DRAKE 
American Society of Agronomy 
L. E. CALL J. F. Cox 
W. L. BuRLIson R. M. SALTER 
F. D. RIcHEY 
American Society of Agricultural Engineers 
C. O. REED A. L. YounG 
S. H. McCrory R. B. Gray 
R. D. PARDON 
American Farm Economic Association 
C. R. ARNOLD H. M. C. Case 
O. G. LLoyp A. G. BLAcK 
C. L. HOLMEs 
American Society of Animal Production 
E. W. SHEETs PauL GERLAUGH 
F. G. Kinc G. A. BRown 
F. B. MorrIsoN 
COMMITTEES 
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Voted that the report be adopted. 

PRESIDENT T. J. HEADLEE: The next item of business is the report of 
the Committee on Recommendations to Secretary of Agriculture with 
Reference to Needs for Foreign Stations to Study Insect Pests, Plant 
and Animal Diseases Introduced or Likely to be Introduced. 

Mr. HERBERT OsBorNn: I am sorry I cannot make a positive and 
definite report as to the results of the action of this Committee. The 
committee is a cooperative one with the Society of Plant Pathology and 
as chairman I work with Dr. C. R. Orton in connection with that 
matter. 

I was in Washington in April and talked with members of the Depart- 
ment there, the Bureau, with Director Woods, who was very cordial 
indeed with regard to this proposition and advised me to take it up 
with Assistant Secretary Dunlap. I talked with him and he was very 
much enthused and thought it was desirable to have this work done in 
other countries to determine what insects were likely to come into this 
country and affect the results of economic entomology here. He ar- 
ranged an interview with Secretary Hyde who was very, very cordial 
indeed to the proposition. He proposed to have a committee right 
there to push the matter and promised that provision for it should go 
into the budget if recommended. The item was put into the budget and, 
as I understand, received favorable consideration. 

I saw Dr. Orton the other day and he said the item was in the budget 
under some general title, and he wasn’t sure how much would be avail- 
able for this purpose. The result from Congressional action is something 
I cannot report on with any certainty at the present time. It apparent- 
ly had very cordial consideration and I hope we are able to get some 
results. 

Voted that the report be adopted and the committee continued. 

PRESIDENT T. J. HEADLEE: Let us now have the report of the Com- 
mittee on the Training of an Entomologist. 


REPORT OF THE COMMITTEE ON THE TRAINING OF AN 
ENTOMOLOGIST 


In accordance with vote of the Association, a committee has been at work on a 
study of the subject matter entering into the training of an Entomologist. The work 
is only begun, and in the thought of the present committee it is an undertaking 
that will and should continue for a long period. The present report therefore, is 
simply one of progress. 

The Committee wishes to make clear to the members of this Association the fact 
that it conceives of its duties as in no wise the setting up of a hard and fast formula 
for professional training in entomology. Thoughts as to the make-up of such training 
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must vary. There are and will be as many ideals as there are men, so far as final 
details are concerned. It should be possible, however, to bring together these ideals, 
to see at what points they coincide, and thus eventually, we hope to set forth and 
emphasize some fundamentals. This is the present committee’s conception of its task. 

In order to make a beginning, the committee has asked a number of men, who 
represent various specialized aspects of professional entomology, to submit to the 
committee the plan that each one, if he had a free hand, would like to see followed 
in the selection and arrangement of the studies that a man should pursue from his 
freshman year to his doctorate, in order to fit himself for that particular aspect 
of the profession. The statements are now before the committee and are being 
studied, both as to their broad aspects and as to their details. It is the plan to ask 
for similar statements from other members, both those who are training entomologists 
and those who are not in teaching work. 

It is too early yet to offer to the Association any generalizations from these studies. 
Manifestly they raise far-reaching questions: for example, the problem of assuring 
to the student, by some effective means, a broad vision of human life and work and 
a sympathetic appreciation of the bearings of his profession on other human activi- 
ties; or, again, the equally difficult problem of providing an adequate equipment of 
specialized subject matter within the range of total time available. 

The suggestions and plans already before the committee constitute an exceedingly 
interesting body of data. Members have formulated proposed curricula that afford 
an admirable approach to the task in hand. These suggested curricula have been 
interpreted in many cases, by extended discussion of the relationships involved in 
the selection of studies proposed. The committee feels that it has much valuable 
material in these communications. 

The committee wishes to invite members of the Association to communicate 
their suggestions. It desires that members shall feel free to express their thoughts 
as to any aspect of training, broad or narrow, to which they are giving attention or 
on which they hold convictions. 

It is hoped that by the time of next year’s meetings some tentative proposals 
may be formulated. In the meantime it is suggested that the committee be con- 
tinued, for further study of the problems under consideration. 

H. J. QUAYLE 

A. C. BAKER 

W. A. RILeEy 

C. J. DRAKE 

W. C. O'Kane, Chairman 


Voted that the report be adopted. 

PRESIDENT T. J. HEADLEE: There is a Committee operating by virtue 
of an appointment by the Executive Committee during the time be- 
tween sessions of which Professor W. P. Flint is the chairman. 


REPORT OF THE SUB-COMMITTEE ON ENTOMOLOGICAL EXHIBITS 
FOR THE CHICAGO CENTURY OF PROGRESS EXPOSITION 


The Committee has approved the plan of exhibits drawn up at the time of its 
first meeting. They feel that the exhibit could best be arranged in the form of a 
number of units occupying rectangular spaces. The committee has approved of 
an exhibit consisting of 16 units which would occupy a floor space of from 10,000 to 
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12,000 square feet, including the aisle space necessary around the exhibits. It was 
decided to build these units around the following subjects: 
SUBJECT Planning assigned to 


Prof. L. S. McLaine 
Spraying, Dusting, Fumigating, Insecticides, Appliances and 


Dr. E. F. Phillips 
Dr. F. E. Lutz 


W. P. Flint 


Mass, Number and Kinds of Insects as Compared with Other 


Dr. W. H. Larrimer 
Dr. C. L. Metcalf 


Insects as Carriers of Plant Diseases...................... Prof. T. H. Parks, 
Dr. F. E. Lutz 
Insects as Carriers of Diseases of Man and Other Animals... .Dr. F. C. Bishopp 


Insects that Feed on Field Crops (with the Grasshopper as a 

Insects Attacking Cotton (with the cotton boll weevil as a 

Insects as Pests of Growing Fruits (with the codling moth and 


.Dr. W. H. Larrimer 


Dr. W. E. Hinds 


some citrus insect as typical examples.................. Dr. T. J. Headlee 
Amount and Kinds of Taxes Collected by Insects..........Prof. J. J. Davis 
Household Insects (including carpet beetles, termites, bed- 
bugs, and clothes moths as typical examples)............ Dr. C. L. Metcalf 
W. P. Flint 


Stored Grain Insects (showing bran bugs, grain moths and 

grain beetles as typical examples)...................... Prof. G. A. Dean 
Shade Tree and Forest Insects (with the Gy psy moth and Dr. T. J. Headlee 

bark beetles as typical examples)...................... Prof. L. S. McLaine 

The actual planning and arrangement of each of the units has been assigned to 
individual members of the committee, with the request that they call on other 
entomologists for assistance in drawing up the plans for the individual units. These 
plans are to be ready at the time of the next meeting of the committee which is to 
be held at the time of the North Central States Entomologists Meeting in Lafayette, 


Indiana, the first week in March. 


Respectfully submitted, 
W. P. Fiint, Chairman 


Voted that the report be adopted. 

PRESIDENT T. J. HEADLEE: We are now ready for the item of business 
entitled ‘“Appointment of Committees.’’ The chair will tell you of the 
appointments he has made. 

Committee on Resolutions: A. G. Ruggles, E. D. Ball and J. S. Houser. 

Committee on Audit: L. B. Smith and T. H. Frison. 

Committee on Nominations: L. Haseman, C. H. Hadley and Arthur 
Gibson. 

PrEsIDENT T. J]. HEADLEE: The next item is miscellaneous business. 

PRESIDENT T. J. HEADLEE: The next item is new business. 

Vice-President F. N. Wallace assumed the chair. 

(At this point the President delivered the annual address which ap- 


pears in Part II.) 
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FINAL BusINEss 


The final business was transacted Wednesday afternoon, January 1, 
after the reading of papers was completed. Before all papers had been 
read, however, Prof. G. M. Bentley presented a resolution pertaining 
to the Mediterranean fruit fly. There was considerable discussion con- 
cerning the resolution, especially as to the advisability of its contain- 
ing the word “eradication.”” The resolution which was finally adopted 
in its original form, reads as follows: 


MEDITERRANEAN FRUIT FLY RESOLUTION 

Wuereas, The presence of the Mediterranean Fruit Fly in Florida creates a situa- 
tion fraught with the gravest danger to the horticultural and agricultural industries 
of the Southern and Western States, and 

Wuereas, The presence of this pest, one of major importance, constitutes a 
threat to the prosperity of the areas affected and exposed, and unless eradicated, 
will also affect very materially the interests of the consuming public of the nation, 
and 

Wuereas, By reason of this situation, the problem is one of national rather than 
sectional import, and 

Wuereas, The program of eradication adopted by the Federal Government has 
been prosecuted vigorously and effectively, and 

WueErEAs, Competent and able authorities, after intensive study, are convinced 
that eradication is not only possible, but is actually being accomplished, now, 
therefore, 

BE iT RESOLVED, By the American Association of Economic Entomologists in 
session at Des Moines, Iowa, this Ist day of January, 1930, that the program as 
adopted and announced by the Secretary of Agriculture, Honorable Arthur M. Hyde, 
should be supported by the public and the scientific workers of this country, and 
further, that the appropriation of adequate funds by Congress for the prosecution of 
this project is of paramount importance and should be made speedily available. 


An announcement from Prof. D. C. Mote, Chairman of the Pacific 
Slope Branch, was also read. It was to the effect that a cordial invitation 
is extended to all members of the Association to attend the meetings 
of the i’acific Coast Branch at Eugene, Oregon, June 19 and 20, 1930. 

The final business session follows: 

PRESIDENT T. J. HEADLEE: We will now open the session for final 
business. First is the report of the Committee on Resolutions. 


REPORT OF COMMITTEE ON RESOLUTIONS 

Your committee submits the following resolutions: 

1. RESOLVED, That we as members of the American Association of Economic Ento- 
miologists in the forty-second annual meeting assembled hereby record our sorrow 
in the loss of Professor J. W. McColloch and be it further resolved that the Secretary 
be instructed to convey our sympathy to Mrs. McColloch and her children. 

2. The American Association of Economic Entomoilogists wishes to express its 
thanks to the authorities of the Iowa State College and especially to the members 
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of the Department of Zoology and Entomology for the many courtesies extended 
and for the efficient arrangements which have contributed much toward the success 
of this meeting. 

3. This Association appreciates the attitude toward scientific research expressed 
by the members of the Iowa State Legislature in setting aside a special fund to be 
used in defraying a part of the expenses incident to this meeting. 


Voted that the report be adopted. 
PRESIDENT T. J. HEADLEE: Next is the report of the Committee on 
Membership. 


REPORT OF COMMITTEE ON MEMBERSHIP 


Your committee begs to submit for your approval the following report on its 
activities during the past year and recommends that the following five candidates 
be reinstated to Associate membership: 

George G. Ainslie D. W. Grimes 
E. C. Cotton Harvey A. Horton 
M. C. Tanquary 

The committee further recommends that the following 93 Associate members be 

advanced to active membership: 


H. S. Adair J. U. Gilmore R. H. Ozburn 
H. B. Armitage M. Ginsburg H. J. Pack 

F. E. Baker P. Gray R. Painter 
Howard Baker . E. Gray W. B. Parker 
R. A. Blanchard . R. Grossman H. B. Parks 

C. I. Bliss . T. Haack J. O. Pepper 
Floyd F. Bondy . W. Haegele H. S. Peters 

A. M. Boyce . J. Haeussler J. B. Polivka 
G. H. Bradley ? Henderson C. A. Reese 
Harry R. Bryson x. Hester W. J. Reid 

R. W. Burrell . Holloway I. L. Ressler 
H. G. Butler W. A. Ruffin 
John L. Buys j H. A. Scullen 
T. P. Cassidy R. W. Sheppard 
K. L. Cockerham . Keen c 
D. M. Daniel . Kelsheimer 

A. C. Davis 
E. W. Davis 
R. M. DeCoursey . Mac Aloney 

Clifford T. Dodds . McConnell 

P. B. Dowden FL. McDonough 

W. E. Dunham T. F. McGehee 

J. C. Elmore Miyanoata McPhail 

G. A. Ficht F. W. Metzger R. A. Wardle 
G. A. Filinger D. F. Miller L. P. Wehrle 
A. J. Flebut A. V. Mitchener C. C. Wilson 
R. K. Fletcher Dudley Moulton J. D. Winter 
M. H. Ford C. R. Neiswander F. H. Wymore 
O. E. Gahm R. B. Neiswander M. S. Yeomans 
Theo R. Gardner A. A. Nichols W. P. Yetter 
J. B. Gill M. R. Osburn M. A. Yothers 


(Signed) 
A. G. RUGGLES 
E. D. BALL 
J. S. Houser 
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The committee further recommends that the following 137 candidates be elected 


to Associate membership: 


Thos. C. Allen, Madison, Wisc. 
P. N. Annand, Davis, Calif. 
Andre Audant, Manhattan, Kansas 


A. E. Badertscher, New Brunswick, N. J. 


S. F. Bailey, Davis, Calif. 

Irene L. Bartlett, Knoxville, Tenn. 
T. E. Birkett, Columbia, Mo. 

W. E. Blauvelt, Ithaca, N. Y. 
Robert Bogue, Hollywood, Calif. 
B. F. Boillot, Jefferson City, Mo. 
G. L. Bond, Laurel, Miss. 

G. T. Bottger, Monroe, Mich. 

M. F. Bowen, Logan, Utah 

T. E. Bronson, Madison, Wisc. 

1: G. Brown, Fresno, Calif. 

2. D. Burgess, Melrose, Mass. 

E. G. Caldwell, Foley, Ala. 

S. L. Calhoun, Marfa, Texas 

A. B. Call, Provo, Utah 

L. W. Campbell, San Francisco, Calif. 
E. W. Cannon, San Jose, Calif. 

L. A. Carruth, Brookings, S. D. 
R. H. Carter, Washington, D. C. 

. C. Chamberlin, Twin Falls, Idaho 

. R. Childs, San Francisco, Calif. 
A. C. Cole, Jr., Columbus, Ohio 
Syrus, Conn, Tallulah, La. 

R. E. Culbertson, Lexington, Ky. 
R. H. Daines, Jr., Logan, Utah 

M. M. Darley, Salt Lake City, Utah 
F. P. Dean, Yakima, Wash. 

F. F. Dicke, Monroe, Mich. 

Henry Dietrich, Lucedale, Miss. 
Roland E. Dimmick, Corvallis, Oregon 
H. E. Dorst, Lawrence, Kansas 

W. E. Dove, Dallas, Texas 

Verda Dowdle, Logan, Utah 

H. W. Dye, Middleport, N. Y. 
Walter Ebeling, Beaumont, Calif. 
D. F. Farlinger, Cornelia, Ga. 

M. D. Farrar, Urbana, Il. 

R. S. Filmer, New Brunswick, N. J. 
F. W. Fletcher, Columbus, Ohio 

J. C. Frankenfeld, Tempe, Ariz. 

. M. Frazier, Hattiesburg, Miss. 

. A. Fulton, Twin Falls, Idaho 
G. I. Gilbertson, Brookings, S. D. 
D. G. Gillespie, Hood River, Ore. 

. H. Girardeau, McRae, Ga. 

. J. Goodgame, Aberdeen, Miss. 
Kenneth Gray, Corvallis, Oregon 
C. H. Griffith, Madison, Wisc. 

H. E. Guthrie, Ames, Iowa 
C. M. Gwin, Madison, Wis. 

. A. Haasis, Berkeley, Calif. 

. A. Haines, Columbus, Ohio 

. C. Hall, St. Paul, Minn. 

. W. Hamilton, Lyndon, Il. 


A. J. Hanson, Pomona, Calif. 
G. W. Haug, A. & M. College, Miss. 
Geo. S. Hensell, San Jose, Calif. 
W. E. Heming, Guelph, Ont., Canada 
J. R. Henderson, Baltimore, Md. 
Sam O. Hill, Arlington, Mass. 
F. G. Hinman, Pullman, Wash. 
G. L. Hockenyos, Urbana, III. 
Clarence H. Hoffman, Lawrence, Kans. 
H. S. Hollingsworth, Wichita, Kans. 
Paul Johnson, Brookings, S. D. 
P. C. Johnson, Corvallis, Oregon 
E. W. Jones, St. Paul, Minn. 
G. D. Jones, Jefferson City, Mo. 
L. J. Jones, Columbia, Mo. 
S. E. Jones, Presidio, Texas 
>. P. Jung, Nanking, China 
G. M. Kohls, Hamilton, Mont. 
. R. LaFollette, Whittier, Calif. 
lorace Lanchester, Parma, Idaho 
Setek Ling, Manila, P. I. 
B. E. Liston, Lawrence, Kansas 
A. H. MacAndrews, Syracuse, N. Y. 
Donald McCreary, College Park, Md. 
E. R. McGovran, Ames, Iowa 
T. E. McNeel, Mound, La. 
H. B. Mills, Ames, Iowa 
Carl Mohr, Urbana, III. 
A. W. Morrill, Jr., Fresno, Calif. 
L. E. Myers, A. & M. College, Miss. 
G. A. Mail, Bozeman, Mont. 
G. A. Maloney, Tallulah, La. 
G. E. Marshall, Orlando, Fla. 
H. C. Mason, Columbus, Ohio 
C. C. B. Mayer, Columbus, Ohio 
L. W. Noble, Tallulah, La. 
Robert A. Perry, Los Angeles, Calif. 
Norman H. Plass, Knoxville, Tenn. 
A. M. Phillips, Orlando, Fla. 
G. L. Phillips, Baldwin, Miss. 
. M. Rasek, Brno, Czechoslovakia 
tarl Rannells, Glenn Dale, Md. 
L. B. Reed, Picayune, Miss. 
(Miss) Hazel W. Riddle, Fargo, N. D. 
J. H. Roberts, Baton Rouge, La. 
N. A. Sankowsky, Elizabeth, N. J. 
F. B. Sazama, Madison, Wisc. 
Mlle. Cor. Schaeffer, Paris, France 
J. C. Schread, Bridgeport, Conn. 
W. A. Shands, Grand Junction, Colo. 
H. H. Shepard, Washington, D. C. 
Torbert Slack, Lake Charles, La. 
G. B. Sleesman, North Glenside, Pa. 
J. P. Sleesman, Wooster, Ohio 
C. M. Smith, Washington, D. C. 
H. A. Stabe, Baton Rouge, La. 
W. W. Stanley, Knoxville, Tenn. 
J. B. Steinweden, San Francisco, Calif. 
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La Grande Stirland, Providence, Utah L.R. Watson, Alfred, N. Y. 


C. L. Stracener, Baton Rouge, La. R. iF Webb, Monroe, Mich. 

G. R. Struble, Berkeley, Calif. R. W. Wells, Galesburg, III. 

S. A. Summerland, Bentonville, Ark. D. A. Wilbur, Manhattan, Kansas 
M. C. Swingle, Moorestown, N. J. G. R. Wilson, Alameda, Calif. 


R. L. Taylor, Bar Harbor, Maine D. O. Wolfenbarger, Brookings, S. D. 
H. L. Thomason, Los Angeles, Calif. C. E. Woodworth, Madison, Wis. 


L. H. Townshend, Urbana, IIl. J. M. Yeates, Tallulah, La. 
J. E. Tuckett, Indio, Calif. G. T. York, Corvallis, Oregon 
T. S. Van Aller, Mobile, Ala. L. W. Zeigler, Gainesville, Florida 


P. A. van der Meulen, New Brunswick, N. J. 


The committee further recommends that the resignations of the following members 


be accepted: 
ACTIVE ASSOCIATE 
Johnson, S. A. Eaton, E. D. Nakayama, Shonosuke 


Partridge, N. L. 
D. M. DeLone, Chairman 
H. F. Dietz 

S. W. BILsING 


Voted that the report be adopted. 
PRESIDENT T. J. HEADLEE: The next item of business is reports of 
other committees. Under this head, [ wish to call for the report of the 
Committee on Nomenclature. 

Mr. J. A. Hystop: Before submitting the report I wish to bring up a 
matter that was referred to the Committee on Nomenclature by the 
Executive Committee of the Association. This is a communication 
from Dr. C. W. Stiles relative to proposed amendments to the Inter- 
national Rules of Zoological Nomenclature and is one which our Com- 
mittee does not believe comes within its province as it deals entirely 
with technical nomenclature. Therefore, we are referring this back 
to the Secretary. 


REPORT OF THE COMMITTEE ON NOMENCLATURE 


Your Committee begs to report that in conformity with instructions received at 
the last regular meeting of the Association a list of names for 13 insects was sub- 
mitted to the Association for approval. Of these names only three were approved, 
and the details of the vote was published in the October number of the JOURNAL OF 
Economic EntomowoeGy, Vol. 22, page 825. 

Your Committee is convinced of the importance of immediately adopting common 
names for many of these insects, and is therefore, submitting some of them for 
your reconsideration. The Committee urgently recommends that each member before 
passing judgment on these names read the discussion in the October number of the 
JOURNAL and take into consideration the action of the Association on these names 
when last they were before the body. 

We would particularly call attention at this time to the following: 


Laspeyresia molesta Busck must have a common name. The Committee submitted 
four names for this insect, oriental fruit moth, oriental peach moth, oriental fruit 


Fy 
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worm, and oriental peach worm. Oriental fruit moth seems to be the most favored 
name, although that name received 48 votes opposing it. 

Tetranychus telarius L. another important insect, should have an accepted common 
name. Of the four names submitted, red spider mite seemed to be the most popular. 
It however, received 77 votes in opposition. 

The entomologists of the Pacific Coast have been quite consistent in opposing 
names for two insects of major importance in that region. They opposed walnut 
fly for Rhagoletis juglandis Cress. and suggested in its stead walnut husk fly, and 
opposed Pacific flat-headed borer for Chrysobothris mali Horn and suggested western 


flat-headed borer. 

Bertha armyworm for Barathra configurata Walk. was opposed by eight members. 
This name, however, has been adopted by the entomologists of the Plains region, and 
we recommend that the Association adopt it. 

The name for Phytonomus nigrirostris Fab. has been the subject of considerable 
controversy, and although a preponderous vote was cast in favor of lesser clover leaf 
weevil, a third name was suggested which might be a compromise acceptable to 
each faction. 

Ellopia fiscellaria Guen. has been quite generally recognized as the hemlock span- 
worm in the United States and hemlock looper in Canada, and inasmuch as these 
names are regional, we recommend the adoption of both. 

This Committee is submitting for your approval a list of additional names and 
wishes to recommend a departure from the usual procedure in that it be authorized 
to submit these names to the active members of the Association following these 
meetings for approval or disapproval. If 20 per cent or more of the votes cast for any 
given name be in opposition to that name the name will be rejected. All other names 
will be considered accepted. 

The Committee further recommends that the approved names be published in 
Vol. 23 of the JourNAL or Economic ENTOMOLOGY. 

J. A. Hystop, Chairman 
E. O. Essic 

F. C. Bisnorp 

H. B. HUNGERFORD 

H. G. CRAWFORD 


Voted that the report be adopted. 

PRESIDENT T. J. HEADLEE: There remains but two regular com- 
mittee reports, but for fear some committee appointed at some time 
may have been overlooked and would like to make its report at this 
time, I will ask this Association if there is any such committee waiting 
for its chance to make a report. Apparently not. Next is the report 
of the Advisory Board, JouRNAL or Economic ENTOMOLOGY. 


REPORT OF ADVISORY BOARD, JOURNAL OF ECONOMIC 
ENTOMOLOGY 
Nominations for Officers for 1930: 
Editor, E. P. Felt Associate Editor, D. M. DeLong 
Business Manager, C. W. Collins 
C. L. METCALF 
J. M. SWAINE 


Voted that the report be adopted. 
PRESIDENT T. J. HEADLEE: The Committee on Nominations will now 


report. 
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REPORT OF COMMITTEE ON NOMINATIONS 


President: Franklin Sherman. 
First Vice-President: J. S. Houser. 
Vice-President: (Pacific Slope Branch) Don C. Mote. 
(Cotton States Branch) 
(Eastern States Branch) C. H. Hadley. 
(Section of Plant Quarantine and Inspection) E. N. Cory. 
(Section of Apiculture) R. L. Parker. 
(Section of Extension) C. R. Crosby. 
Secretary: A. F. Burgess. 


STANDING COMMITTEES 
Executive Committee: 

Franklin Sherman, ex-officio T. J. Headlee, term expires 1932 

A. F. Burgess, ex-officio L. S. McLaine, term expires 1932 
Membership Committee: L. B. Smith, term expires 1932 
Advisory Board, JoURNAL oF Economic ENTOMOLOGY: 

Harry B. Weiss, term expires 1932 J. M. Swaine, term expires 1932 
Committtee on National Museums: R. W. Harned, term expires 1932. 
Committee on Research Work in Control of the European Corn Borer: 

T. J. Headlee, term expires 1934. P * 

Committee on Research Work to Control the Codling Moth: 

P. J. Parrott, term expires 1932 W. A. Ross, term expires 1932 
Board of Trustees for Permanent Fund: 

Franklin Sherman, ex-officio C. W. Collins, term expires 1932 

A. F. Burgess, ex-officio E. N. Cory (to fill unexpired term of 

A. F. Burgess) term expires 1931 
(Your committee further recommends that A. F. Burgess continue as chairman). 
Representative to National Research Council: 

W. A. Riley, term expires 1932. 

Councillors for the American Association for the Advancement of Science: 

W. E. Hinds M. H. Swenk 
Trustees for the Crop Protection Institute: W. C. O’Kane, term expires 1932. 
The Committee respectfully recommends that the present personnel of the follow- 

ing committees be continued: Nomenclature, Endowment, Representatives on the 
Council of the Union of American Biological Societies, Representatives on the Board 
of Trustees of the Tropical Plant Research Foundation, and Committee to Co-operate 


with the Phytopathologists. 
LEONARD HASEMAN 


C. H. HADLEY 
ARTHUR GIBSON 


Voted that the report be adopted. 

PRESIDENT T. J. HEADLEE: Is Mr. Franklin Sherman here? 

Is Mr. J. S. Houser, Vice-President elect, here? 

PRESIDENT T. J. HEADLEE: Will Dr. Hinds and Dr. Haseman escort 
the Vice-President elect to the platform? 

Dr. Houser was escorted to the platform. 
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PresipENt T. J. HEApLeEE: It gives me the greatest possible pleasure 
to turn over this symbol of authority over this great Association into 
hands so capable as yours. I am sure you will enjoy handling it in 
keeping this crowd reasonably straight. Don’t keep them too straight. 

Vice-Presipent J. S. Houser: In behalf of President Sherman, I 
accept this gavel in my keeping until I can turn it over to him. I know 
it is with keen regret that he is not here to accept this honor in person. 

The next item of business is that of miscellaneous business. Is there 
any miscellaneous business to come before this meeting? 

Vice-PresipENnt J. S. Houser: Next is the fixing of time and place 
of the next meeting. 

Mr. J. A. Hys.top: I move that the next meeting of the Association 
of Economic Entomologists be held at the time and place of the meeting 
of the American Association for the Advancement of Science. 

The motion was carried. 

Vice-PREsIpENT J. S. Houser: The next item of business is the final 
adjournment. 

At this point Mr. J. A. Hyslop again made reference to the com- 
munication from Dr. C. W. Stiles relative to proposed amendments to 
the International Rules of Zoological Nomenclature. After some dis- 
cussion Mr. Hyslop made a motion that the communication be left 
in the hands of the Executive Committee to be disposed of in such 
manner as they might deem appropriate. This motion was carried. 


ADJOURNMENT: 3:50 P. M. 


PART II. ADDRESSES, PAPERS AND DISCUSSIONS 


The session for presentation of technical papers convened immediately 
following the business session of Tuesday morning, December 31, with 
Vice-President F. N. Wallace in the Chair. 

Vice-Presipent F. N. WaAttace: Next is the annual address of the 
President, T. J. Headlee. 


SOME TENDENCIES IN MODERN ECONOMIC 
ENTOMOLOGICAL RESEARCH 
By Tuomas J. HEADLEE, Ph.D., President 
American Association of Economic F-ntomologists 
ABSTRACT 


To meet his problems the economic entomologist must be looking ever more 
deeply into the nature of insect life and its reaction to the physical and biological 
environment in which it is found. His sweep of basic information must involve a 
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working knowledge of the principles of physics, chemistry, biology and entomology. 
He must not neglect any phase of entomology as being unimportant for his purposes. 
His organization for research must involve the physical, chemical, biological points 
of view as well as the taxonomic, structural, developmental and physiological stand- 
points of his specialty. The fields of chemical control is now coming into its own. 
The field of biological control is just opening up as is also the field of physical con- 
trol. The opportunities for accomplishment in public service through economic 
entomological endeavor never were greater but the difficulty of the problems involved 
is constantly increasing and demanding greater and greater keenness. 


INTRODUCTION 


In dealing with any subject to which the human race has given 
attention, it is axiomatic that racial experience forms a pretty safe 
guide. Consideration of the subject of economic entomological research 
should, therefore, logically be preceded by a brief account of racial 
experience, at least in so far as it relates to biological research. 

The first step in arriving at an understanding of the world of living 
organisms has been an attempt, on the basis primarily of structure but 
secondarily of function, to assemble individuals of similar structure and 
physiology into groups and to assemble the groups of like character 
into larger classes and finally thus synthesize the whdle world of living 
organisms. The net result of this effort has been the development 
of the conception of the plant and animal kingdoms composed of great 
primary groups, each group being in its turncomposed of many fundamen- 
tal sub-classes, each sub-class in its turn being divided into its sub-groups 
or families, each family into its component genera and each genus into 
its component species. For many years students were concerned very 
largely, if not almost solely, with taxonomy. 

The second step in arriving at an understanding of the world of living 
organisms was taken when students turned their attention to the gross 
and minute structure of the species characteristic of these great tax- 
onomic groups. This study in turn reacted upon the constitution of the 
taxonomic group, for characters were found in many instances which 
afforded better means of separating one group from another. 

The third step was taken when students turned their attention to the 
embryonic and post-embryonic development of individuals composing 
these great taxonomic groups. Information obtained from this phase 
of the investigation threw a flood of light upon taxonomic relationships 
and greatly modified the taxonomist’s conception. Indeed this light 
was promptly utilized by a large group of students who pushed its con- 
clusions into the taxonomic field to modify the previous conception of 
taxonomic structure of living organisms. 
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The fourth step was taken when students turned their attention to the 
study of the functioning of the characteristic organisms composing 
these great taxonomic groups. Various names were applied to this 
fourth movement, such as experimental zoology, ecology, etc. The fact 
is that the movement designated as the fourth step is truly the begin- 
ning of the development of what we today know as physiology. 

The science of entomology, which may be defined as the body of 
facts relative to taxonomic relationships, morphology and development, 
and physiology of insect life, has experienced a similar development. 
First came the insect taxonomist, then came the insect anatomist and 
histologist, who was followed by the student of embryonic and post- 
embryonic development and finally in our present day we see the begin- 
ning of the work of the insect physiologist. 

The science of economic entomology, which may be defined as the 
body of facts relative to the relationship of insect life and activity to 
human life and activity, has centered its attention upon the ways in 
which insect life affects man’s welfare and upon an attempt to find out 
ways and means for controlling insect activity, of either a beneficial or 
injurious nature, insofar as it relates to the success of human endeavor. 
Obviously, in following out this line of study, insect activity became 
the primary consideration and so we find early economic entomologists 
devoting their attention almost entirely to the study of life history and 
habits of insects known to be injurious or beneficial to human welfare. 
The economic entomologist, was, therefore, the earliest student of 
insect function and he assumed that position by reason of the nature of 
the effort in which he was engaged. His studies first covered the more 
obvious and simple phases of insect activity but with the passing years 
he has been looking ever more deeply into insect activity and into 
methods that can be used for its control. 

This change in point of view of the economic entomologist is rather 
well illustrated in some of the addresses of the ex-presidents of this 
association. We find H. A. Morgan in 1907 saying that timely corre- 
lation of thoroughly matured knowledge of agricultural conditions 
with an exhaustive study of life history and habits of economic insects 
offers the best opportunity for proper control of their activities. We 
find S. A. Forbes in 1908 looking toward the study of environmental 
relationship as the next step most likely to yield great results in pro- 
tecting the public from insect injury. Again in 1914 we find H. T. 
Fernald advocating more exhaustive studies on life history and habits, 
insecticides, and ecology of both domestic and foreign species of insects. 
In 1917 we find C. Gordon Hewitt stating that insect behavior con- 
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stitutes the basis for applied entomology. In 1928 we find W.B. Herms 
advocating the experimental method as the most important tool for 
research in economic entomology. It is very interesting to note that 
all of the workers mentioned realized the necessity of looking ever 
more deeply into insect activity as the only proper and satisfactory 
basis for discovering adequate measures of controlling it. 


ANALYSIS OF THE NATURE OF AN Economic INSEcT PROBLEM 


An economic insect problem always involves one or more definite 
species of insects and one or more definite species of hosts. Taxonomic 
considerations at once become of prime importance in order that the 
key to accumulated human experience relative to the activity of the spe- 
cies concerned may be secured. The economic entomologist would do 
well to ponder the importance of this key because it can be used to un- 
lock stores of information which may have a large bearing upon the 
problem with which he is faced. 

An economic insect problem involving, as it always does, one or more 
species of insects and one or more species of hosts demands as a basis for 
its solution a knowledge of anatomy, histology, embryology, and post- 
embryonic development of the insect or insects concerned. Failure to 


possess this information is apt to be followed by overlooking the best 


method of effecting control. 

An economic insect problem involving, as it always does, one or more 
species of insects and one or more species of hosts requires a fundamental 
understanding of the reaction of the insect or insects to environmental 
factors, and to the host or hosts in their various stages of development 
present in this environment. Furthermore, the solution of this problem 
may require a fundamental understanding of the reaction of the host or 
hosts to the fundamental factors of the environment including the insect 
or insects concerned. 

The economic entomologist must, for the solution of an economic 
insect problem, know: (1) The taxonomic status of the economic insect or 
insects in order that he may unlock accumulated human experience in 
dealing with the species concerned; (2) the morphology and develop- 
ment of the species concerned in order to grasp that fundamental basis 
for control procedure; and (3) the internal and external physiology 
of the economic insects concerned as a basis for deriving clues to control. 

The economic entomologist is at the present time in the greatest 
danger of overlooking the value of the taxonomic status of the economic 
insect or insects and in the next greatest danger of overlooking the value 
of the morphology and embryonic development of the economic insect or 
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insects because his attention is centered upon insect activity. He 
stands in the further danger of limiting studies of insect activity to life 
history and habits and depending upon them solely for his clues to con- 
trol. Of course, the studies of insecticides, particularly of a chemical 
nature, have now been given enough attention that he is very likely to 
add them to a consideration of the problem of control. The study of the 
reaction of the economic insect or insects concerned to fundamental 
environmental factors covering temperature, moisture, sunlight, wind 
movement, barometric pressure, nature of the host’s epidermis and cell 
sap, volatile gases constantly being evolved from the host, and the 
natural predacious and parasitic enemies, is merely in its infancy and is 
today the promised land of future years for the economic entomologist. 
To take advantage of this most attractive and promising field of en- 
deavor the economic entomologist must be able to think not only in 
terms of general biology but also in terms of chemistry and physics. 


MetHops or ATTACKING AN Economic INsEcT PROBLEM 


Ex-president W. B. Herms said that the experimental method is the 
most important tool of research that entomologists use. Now what 
is the experimental method? It is the method which the investigator 
uses to secure a reliable answer from the organism in response to applied 
stimuli, the value of which he wishes to learn. The practice of this 
method involves fundamentally the utilization of scientific proof. 
The understanding of scientific proof is a matter of sufficient importance 
to justify a moment’s consideration. Theoretically in the process of 
scientific proof all variables, save the one concerning the effect of which 
information is desired, are reduced to zero. The insect is placed under 
controlled conditions, the effect of which is understood, and the environ- 
ment of the experimental group is made identical with the environment 
of the check group, with the exception of the one variable concerning 
which the investigator desires information. Thus the insect may be 
made to answer the question of how and to what extent this variable 
affects it. 

Now, it is readily realized that the securing of this ideal set of con- 
ditions may be, and frequently is, extremely difficult. Many methods 
have been utilized to approximate this condition, and among them the 
use of large numbers of individuals, many duplicate experiments, and 
the covering of a considerable number of seasons and of wide geographic 
territory stand out prominently as rendering worthwhile service. It is 
frequently said that the best way to secure results of studies of codling 
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moth in one part of the country that will be comparable with studies of 
codling moth in another part of the country is to perform the experi- 
ments in exactly the same way in each of the difierent places. This 
assumption of comparability of data secured under this plan is thought 
by the writer to be fallacious because no two workers can perform a 
given set of experiments in the same way. The human factor variable is 
too large. It is the writer’s belief that more comparable results will 
follow the practice of each worker conforming his study to the require- 
ments of sound scientific proof and carefully stating the conditions 
under which the work was done. 

When the economic entomologist is confronted with the need for a 
solution of an economic insect problem he must, if he is going to get the 
best results, review the literature pertaining to the insect or insects in- 
volved covering taxonomic relationship, morphology and development, 
physiology and control. Perhaps this thorough review and digestion 
of extant knowledge may reveal one or more clues to control. If so, 
well and good. It is probably wisest and most economical to begin the 
pursuit of these clues, following one lead after another until the solution 
is secured. On the other hand, such a study of extant knowledge may 
not reveal any clues. In that case it will reveal the gaps in information. 
With these gaps in mind the investigator must, unless his organization 
is so large as to attack them all, use keen judgment in selecting the one, 
the filling of which is most likely to furnish him with the necessary 
clues to the solution of the problem. Of course, it is possible for the re- 
search man to attempt the exploration of all possibilities and thus 
employ what in the writer’s mind amounts to the shot-gun method but 
that method involves an enormous expenditure of time and energy. 

In using the procedure above discussed the economic entomologist 
must exhibit the utmost keenness in order to discover clues to control 
for they are generally somewhat obscure and not easy to pick up. 


ORGANIZATION TO Do THE WorRK 


If but one man can be employed upon the solution of an economic 
insect problem that man is necessarily an economic entomologist; for it 
is to be presumed that, having specialized in that line of endeavor, his 
mind will be more keenly awake and more sharply on the watch for 
clues to control and more keenly initiative in following those clues to 
their logical conclusion. Perhaps if two men are to be employed both 
should be economic entomologists and possibly the same may hold in 
the case where three men are employed. 


= 
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It is the writer’s belief, however, that a special type of organization, 
not hitherto, completely exemplified in economic entomology anywhere 
in this country is more likely to secure the solution of an economic 
insect problem in less time and at less cost than any other type of organ- 
ization with which he is acquainted. This group is, first of all, headed 
by an economic entomologist, whose background of training and ex- 
perience is large and covers a broad field. He must have a sense of fair 
and equitable dealing and he must have a flow of sound ideas that will 
enable him to enthuse his associates. With him comes a variable number 
of economic entomologists, one systemic entomologist, one insect 
physiologist, one biochemist, and one biophysicist. This group must be 
closely integrated and knit together, working as a unit harmoniously for 
the solution of the economic insect problem with which it is concerned. 
It is possible that this group would need at times the services of an 
economist but that need would arise only occasionally. 

Such a group can attack the solution of an economic insect problem 
from all fundamental points of view. The clues will be more quickly 
seen, more quickly followed out and the results will be secured in only a 
fraction of the time usually required to solve an economic insect problem. 


Lines or Attack Most LIKELY To YIELD RESULTS 


A very large measure of success in insect control attended the efforts 
of the great economic entomologists of early days, most of whom de- 
pended upon a combination of a knowledge of agricultural practices 
with careful studies of life history and habits of economic insects. In 
many instances these students of economic entomology made astonish- 
ingly successful recommendations based upon these two sources of data. 
Later many, among whom we should specify Professor S. A. Forbes as 
an outstanding figure, adopted the practice of testing out in the field 
under practical conditions the measures of control which their studies 
indicated as likely to prove serviceable. 

Tremendously improved results have followed extensive and in- 
tensive studies and utilization of chemical methods of economic insect 
control. This latter method, the writer would say, is now about in the 
heyday of its development but there is yet much more to be gained from 
its pursuit. It is not improbable that, among many other results, 
thoroughgoing chemical studies will reveal the reason why insects 
prefer certain host plants, will, under hard conditions, use others, and 
will perish if compelled to rely for food supply on still others. 

The field of the biological control of economic insects, which has 
received more or less attention from a limited number of workers in 
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past years, is now beginning to attract earnest, widespread effort. 
The possibilities of this field for public service are enormous and it, 
therefore, merits a period of extensive and intensive development. 
Unfortunately, too many failures have attended efforts to utilize natural 
enemies as practical means of controlling economic insects. Before 
best results can be secured in this line of attack, however, sharp atten- 
tion must be given to the relation of the predator and parasite to the host 
and to this relationship as affected by the fundamental factors of the 
physical and biological environment. 

To a limited extent physical principles have been utilized in past years 
for the control of economic insects and certain striking results in the use 
of dust barriers and temperatures have been obtained. Recently, 
there has appeared a tendency to examine the gamut of electro-magnetic 
waves which range, in increasing length, from radium through x-ray, 
ultra-violet, visible light, infra-red and radio, for possible agents in 
effecting control of economic insects. Radium, x-ray, and ultra-violet 
have been shown to have some possibilities. Still more recently electro- 
magnetic waves, characteristic of the radio bands, have shown ability 
to destroy insects, ranging through the principal orders, by the process of 
building up internal heat to a lethal degree. Further, and as yet un- 
published, investigations have indicated that there exists a differential 
in the effect of radio waves upon plant and animal tissue. Should such a 
principle become established the field for the use of electro-magnetic 
waves characteristic of the radio bands would be most promising. 

The writer cannot forbear mentioning the field of insect quarantine 
as a proper subject for research. Many students of entomology have 
had many years of contact with this field and some have become deeply 
impressed with the dangers to successful economic entomological service 
attending its present tendencies. There exists in the minds of some, no 
doubt, whatever, that insect quarantines have been placed and oper- 
ated which have done far more harm to the interests of the common- 
wealth than any benefit which can be soundly claimed for them. Eco- 
nomic entomologists would do well to investigate thoroughly the com- 
parative injury and benefit of every quarantine that has been or is now 
in operation. He will also do well to investigate the comparative benefit 
and injury of every proposed quarantine before it is placed and becomes 
operative. Failure to evaluate insect quarantines from the standpoint of 
injury and benefit to the public is bound to be followed by the placing 
of some quarantines that do far more harm than good and the reaction of 
the public to such quarantine activity is apt to be a vigorous discount- 
ing of not only all insect quarantines but of entomological service in 
general. 
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Vice-Presipent F. N. Watiace: This paper is now open for dis- 
cussion. I am sure we will have a wonderful discussion of it. 

Mr. Herpert Osporn: | should like to express my appreciation 
of the comprehensive address of the President and compliment him 
upon his covering the ground in such a complete, thorough shape. 
I am sure the people here will appreciate it and will be interested in it, 
and I feel very, very confident that the membership of the Society 
throughout the country will read it with a great deal of profit and 
pleasure. 

Mr. W. B. Hers: I wish, too, to compliment the President on this 
address which he has given us. 

I cannot refrain from referring to one or two of the matters which 
he has pointed out inasmuch as he referred to the address which | 
gave a year ago. I am particularly interested in his comments con- 
cerning organization for research. Anyone who is responsible for work 
in economic entomology must look toward a proper organization of 
his department. It is quite true that we must have our immediate 
staff of economic entomologists. We must have our taxonomists. 
We cannot get along without a first-class taxonomist on our staff. 
We must now have chemists, biological chemists if you please, to help 
us in the more fundamental problems of insect toxicology; such ques- 
tions as the permeability of membranes by certain chemicals which we 
use or may use for the control of a given insect pest—experimental 
methods. It is very important in that connection. 

We must have our physiologist to help us in this very important 
field of insect nutrition, insect metabolism. We must have a physicist 
who will help us in the construction and the arrangement of our appara- 
tus which we find so necessary in the study of insect reactions, or light 
experiments, for example, in our own work in California. 

I find it very necessary in my work to have a bacteriologist. We 
find that the study of the microphagous habits of insects lead us into 
the realm of bacteriology, and the economic entomologist is rather at 
a loss to know what to do without an individual who is well prepared in 
the technique of bacteriology. 

That which has been suggested concerning cooperation with other 
departments is enormously important. We must have the contribution 
of the plant pathologist, the plant physiologist, and the ecologist. 

So I wish to again commend the President on having called our 
attention to this matter of organization for research. 
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Mr. J. M. Rasexk: Please allow me to make a statement here per- 
taining to this discussion and tell you something of what I believe 
may interest you, what we in our state are doing in this economic 
entomological work. 

I am a state entomologist in Czechoslovakia, and in the work of our 
Institute we pay very great attention to two different features in the 
control of insects. The first is diseases of insects, not only fungous 
diseases, but especially those caused by filtrable viruses; and in my 
practice I found that paying attention to the presence of such infection 
is of great economic value. I will tell you of a case in my practical 
experience. 

It was in the years 1918-1926 that we had in our state a very great 
increase in population of the nun moth, Liparis monacha, feeding on 
the spruce trees in the forests. According to our forest-protection law, 
we were compelled to take measures for the control of this insect. Of 
course, it means very great expense. Normally these expenses are 
calculated at from 300-500 Czechoslovakian crowns for an area of 
one hectare. 

I sometimes found, in the caterpillars, a disease called wilt disease, 
or polyhedral disease, which is able to kill those insects. When I found 
such an infection, I gave notice to the owner of those forests that 
nothing need be done against this insect because I had found this 
infection and they could expect the insect would be killed in a normal 
way and there would be no further increase in population. I believe 
you can imagine how important that statement was. Of course I had 
to make many microscopic examinations and study the conditions in 
those forests; further it was a question whether to take the responsibility 
for such a statement. I can tell you that in this line I was successful. 
In case of a large holding (1000 hectares) I was able to save this single 
owner about 300,000 crowns. The infection was found at the beginning 
of June one year and there were no caterpillars present the next year, 
all being killed by this polyhedral disease. 

This is one feature that we are emphasizing in the state-entomological 
work of dur country. The second thing is that we pay special attention 
to the economic value of useful birds and we found many very interest- 
ing results. We made a study of hundreds and thousands of stomachs 
and crops of birds to find out what they were eating. I am sorry I 
haven't the results of such work here because I left all my slides and 
photographs at Minnesota, but I can tell you it is highly interesting. 
We sometimes found as many as 200 or 300 specimens of injurious 
insects in one stomach. If you extend this compilation over a week or 
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a month, there are hundreds of thousands of insects destroyed chiefly 
by the useful birds. 

On the basis of those studies, we have now introduced a special 
system for protecting the birds in an economic way so that they may 
live under modern conditions in the forest, fields and in the parks. 
We are now trying to introduce this system on each farm. Especially 
do we wish to.put under control of birds those places which are known 
to be spreading points of insects. You entomologists know very well 
that an insect calamity does not start in a great area but usually origi- 
nates at small, limited spreading points. We are now trying to introduce 
a very intensive program for the protection of birds at these spreading 
points in order that they may help us prevent the possibility of an out- 
break and the spreading of those injurious insects. 

I believe it would be a good idea if you, in your excellent entomo- 
logical work, would pay attention to those two features of economic 
entomology. 

Adjournment: 12:10 p.m. 


Tuesday Afternoon Session, December 31 


The session convened at 1:40 p.m., President T. J. Headlee presiding. 


PresiIpENT T. J. Heap.ee: The afternoon session of the Association 
is now open for business. 
The first item is a paper by L. S. McLaine. 


THE GYPSY MOTH OUTBREAK IN SOUTHERN QUEBEC 
By Leonarp S. McLarne, Ottawa, Canada 


ABSTRACT 

Canada has been vitally interested in the gypsy moth (Porthetria dispar) situation 
for years. Scouting was carried on in New Brunswick and Nova Scotia in 1921, 
and was started in Quebec in 1922. Subsequent to the discovery of an infestation 
within one-half mile of Canadian territory in 1923, more extensive and intensive 
scouting was carried on in the latter province, which resulted in a single infertile 
egg cluster being found at Beebe, and quite a severe infestation at Henrysburg in 
1924. A total of 2,908 egg clusters were found at Henrysburg, the last in 1926. 
Control operations consisting of spraying, cresosoting egg clusters, banding and bur- 
lapping trees, and burning stone walls were followed. In addition, 6,248 miles of 
road, 250 miles of railroad, 1,638 miles of main highways leading to large centres, 
and 11 square miles of woodland, were thoroughly examined. The quarantines 
placed on southern Quebec by the United States and Canada Departments of Agri- 
culture in 1924, have been rescinded. 


The Department of Agriculture for Canada has, for a great many 
years, been viewing with grave concern the gradual migration of the 
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gypsy moth both north and northeastward toward the Canadian border. 
The two areas which were regarded as the ones that might be invaded, 
were southwestern New Brunswick adjoining the State of Maine, and 
southeastern Quebec adjoining the States of New York, Vermont 
and New Hampshire. On more than one occasion, scouting was carried 
on to determine whether the insect had invaded Canadian territory. 
In 1921, portions of New Brunswick and Nova Scotia were examined, 
as reports had been received that this insect had been seen in certain 
sections of these provinces, no sign of the insect was found, however. 
In 1922, owing to the northward spread of the insect in New Hampshire, 
scouting was carried on in the ‘“‘eastern townships’’ of Quebec, which 
resulted in no discovery of the pest. A report had been received earlier 
in the year, to the effect that a nursery in the middle west was infested. 
All importations from this firm were traced and six Canadian nurseries 
thoroughly inspected. In addition, fifty shipments reforwarded from 
one nursery were examined at ultimate destination. The result of these 
investigations were in the negative, and later further word was re- 
ceived that the previous information was incorrect. In the fall of 
this same year, an International Conference to consider the future 
of the gypsy moth work was held at Albany, New York,' at which it was 
decided to establish a “‘barrier zone’’ extending from the Canadian 


boundary to Long Island Sound. Canada also undertook to carry on 


‘ 


scouting immediately north of the “‘zone. 

In 1923, scouting was continued in southeastern Quebec, in the late 
fall of this same year one of the largest single gypsy moth infestations 
ever found in New England was discovered at Alburgh, Vermont, within 
one-half mile of the Canadian border. Scouting was immediately 
renewed in Canadian territory north of this outbreak, and by special 
arrangement, trained scouts were secured from the U. S. Bureau of 
Entomology for this work, to assist the Canadian field force, but no 
trace of the insect having crossed the boundary could be found. 

The proximity of an infestation such as that found at Alburgh, so 
close to Canadian territory, made it necessary to consider more in- 
tensive and extensive scouting throughout the entire area, with the 
result, that in the spring of 1924 a field force of thirty-six men was 
placed in the district. This work was carried on cooperatively by the fed- 
eral Department of Agriculture and the Quebec Department of Lands 

1The Gypsy Moth, Agri. Bull. No. 148, Dept. Farms and .Markets, Albany, New 
York, Dec. 1922. 


*L. S. McLaine—‘‘The Outbreak of the Gypsy Moth in Quebec.” Ann. Rpt., 
Entomological Society of Ontario, 1924. 
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and Forests. The area in Quebec, it was decided to examine, extended 
from Huntingdon county on the west, to Compton county on the east, 
a distance of approximately one hundred and thirty miles, and north 
from the international boundary about thirty miles. 

The first record of the gypsy moth in Canada was the discovery, on 
July 29 (1924), of a single egg cluster on a willow tree in a piece of 
swampland in the Beebe river valley, about three miles from the village 
of Beebe, Stanstead county. An examination of the eggs showed them 
to be infertile. Intensive scouting carried on in this district, the same 
season and in succeeding years, failed to reveal any further signs of in- 
festation. 

Five weeks later (September 3, 1924), a severe isolated infestation 
was found at Henrysburg, St. Johns county, approximately three miles 
due north of the international boundary, and about eight miles north- 
west of the Alburgh outbreak. The infestation was centered on an old 
willow adjacent to the road and a few yards from a farm house. The 
site of the outbreak was on top of a hill which afforded ample oppor- 
tunity for wind spread and, furthermore, it was one of the few places 
in the entire district where field stone walls were at all abundant. Of the 
2,695 egg clusters treated that fall, 1,043 were found on the willow tree 
and 1,203 in the stone walls. The “clean up”’ work was continued in the 
spring of 1925, which resulted in finding 150 more egg clusters. The work 
consisted of removing old apple trees, pruning and filling cavities in 
those that could be saved, banding and burlapping all trees in the vicin- 
ity of the outbreak, cutting and burning brush on fence rows, and 
the re-examination of all buildings. To avoid the great expense of tear- 
ing down and rebuilding stone walls in the search for egg clusters, these 
were burnt over twice with a flame thrower at the time the eggs were due 
to hatch. Through the cooperation of the U. S. Bureau of Entomology, 
a power sprayer was loaned for the spraying of the entire area. 

Upon the completion of the scouting, the infestation was found to 
cover approximately one-third of a square mile, seven farms being 
involved. The infestation occurred on a farmer’s milk route and it was 
the practice for the farmers to take turns in collecting the milk and trans- 
porting it to the creamery, as egg clusters were found on the milk stand 
beside the road, the premises of every farmer on the route were thorough- 
ly inspected. An egg cluster was found on the local school house, and as 
a precaution the home premises of every child attending the school 
were examined. 

During the re-examination of the infestation in the fall of 1925, 
one year after the discovery of the outbreak, four new and thirty-six 
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old egg masses were found. No new egg clusters have been found since 
that date, although twenty-three old ones were found the following 
spring, under a low verandah close to the ground. The total number 
of egg masses found at Henrysburg was 2,908. The Department had 
only one object in view in handling the outbreak and that was complete 
eradication, in consequence the entire area was resprayed both in 1926 
and 1927, and in addition, all trees were banded and burlapped. 

An idea of the amount of labor and material involved in handling a 
small outbreak may be gained from the fact that 5,500 Ibs. of arsenate 
of lead were used to apply 87,640 gallons of spray; 5,217 trees were 
banded with 850 Ibs. of raupenleim and 4,235 yards of burlap; and 
over 1,000 yards of wall were burnt. 

Apart from the work carried on at Henrysburg, since 1924, 6,248 miles 
of road and 250 miles of railway have been thoroughly scouted. All the 
main highways leading from the international boundary to such centres 
as Montreal and Quebec have been scouted more than once, involving 
1,638 miles, and every tree in eleven square miles of woodland surround- 
ing Henrysburg has been examined. . 

On July 1, 1924, a quarantine was placed on certain sections of 
Quebec by the United States Department of Agriculture prohibiting the 
importation of Christmas trees. On September 3, of the same year, a 
domestic quarantine was promulgated by the Department of Agriculture 
for Canada. In 1928, both these quarantines were rescinded. Work 
will have to be continued in Quebec for some time, but it is to be hoped 
that many years may elapse before another situation such as the one 
found at Henrysburg, will have to be faced. 

PRESIDENT T. J. HEADLEE: Next is a paper by M. D. Farrar and 
W. P. Flint. 


REARING CODLING MOTH LARVAE THROUGHOUT THE YEAR 
(CARPOCAPSA POMONELLA) 
By M. D. Farrar and W. P. Fitint, Natural History Survey Laboratory, 
Urbana, Iil. 


ABSTRACT 

It has been found possible to rear large numbers of codling moth larvae at any 
time during the year when larvae may be desired for laboratory tests. Larvae are 
collected from orchard trees by the usual banding methods. These are transferred 
to Mason jars containing a number of corrugated paper strips one-half inch wide and 
four to five inches in length. After the larvae have sought shelter in these strips 
they are placed in refrigeration or held outdoors at winter temperatures until spring 
and then placed in refrigeration at 50°F. and kept until needed. 

When newly hatched larvae are desired, the corrugated strips are placed in black 
emergence jars in an incubator held at a temperature of 80-82°F. and humidity of 
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approximately 70°. The adults after emergence are transferred to special stone 
oviposition jars with moist sand in the bottom and lined with waxed paper and 
an apple is placed on the sand. These jars are covered with cheese cloth and held 
at the above temperatures and humidity in a light approximating that of summer 
twilight. ' 

The adults readily oviposit on the paper on the sides and bottoms of these jars, 
or on apples placed in the jars, and have averaged about thirty eggs per female 
moth. After the papers are well covered with eggs they are cut into strips, placed 
in light proof tubes with a shell vial inserted in the side of the tube and held at 
ordinary room temperatures. The young larvae on hatching crawl into the vials 
and can then be readily transferred direct to the fruit. 

By following these methods it has been found possible to secure large numbers of 
codling moth larvae at any time during the year when they are desired. 


The rearing of a supply of young codling moth larvae at any time they 
may be wanted for use in insecticidal tests has been a problem since this 
type of work was started. It has always been easy to secure larvae 
during the summer months, at which time the adults oviposit readily 
under cage conditions. It is often desirable to conduct such laboratory 
tests at other times. A technique has been developed at this station by 
which larvae have been produced as desired and in sufficient numbers to 
make insecticidal tests profitable. 

Source oF MATERIAL: During the summer months bands are placed 
on promising trees in poorly kept orchards. At regular intervals these 
bands are examined and the larvae which have migrated to the bands 
are removed. The larvae are brought to the laboratory and allowed to 
spin up in corrugated paper cases. (Corrugated paper cut into one-half 
inch strips, either rolled or pasted, layer on layer.) About the same 
number of larvae as there are spaces in the strips are placed together, 
insuring the paper cases being well filled with larvae. If the larvae 
are to be carried over several months, the early ones must be held in 
cold storage until the temperature out-of-doors is low enough to stop 
pupation and emergence. The late season larvae are generally allowed 
to spin up out of doors. At Urbana, adults can be secured from such 
larvae about January Ist by bringing the larvae indoors. Before 
the larvae start to pupate in the spring, the entire lot is placed in cold 
storage at 50°F. and kept there until needed. It has been found best to 
carry over material to be used for fall and early winter tests from the 
previous year in this manner. Adults can be secured from such larvae 
in two or three weeks. 

EMERGENCE OF ADULTS: Paper cases containing three hundred to five 
hundred larvae are placed in a two-quart Mason jar that has been pre- 
viously painted black and closed with a screw cap into which has been 
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soldered a fine screen for ventilation. The moths emerging in the 
darkened jars remain quiet until removed. These jars are examined 
daily and such adult moths as have emerged are allowed to fly toa 
window screen, from which they are collected into a test tube and trans- 
ferred to the oviposition jar. 

OVIPOSITION JAR: For convenience in assembling, we used a specially 
designed jar seven inches deep and six and one-half inches, inside diam- 
eter, which was built by the Ceramics Department, University of 
Illinois. One-gallon stone jars may be used, however. The side walls 
are constructed vertically, tiny grooves are cut into the inside wall one 
and one-half inches from the bottom and one-fourth inch from the top. 

PREPARATION OF JAR: About a one inch layer of moist sand is placed 
in the bottom and tamped smooth. Over this is placed a wax paper! 
disc, cut to fit snugly over the bottom. A strip of the same paper is cut 
to cover the side walls. To hold the paper snugly against the side walls, 
wire rings (cut from No. 14 iron wire) are inserted inside and adjusted 
to the grooves previously described. This method covers the bottom 
and side walls smoothly with wax paper and allows little chance for the 
moths to work themselves under the paper and die. An apple is placed 
in the jar and the top of the jar covered with a single thickness of cheese 
cloth, held in position with a rubber band. The jars are then ready for 
the adult codling moths. 

About one hundred adults are generally used in each jar. The best 
results have been obtained where three to four jars are prepared at once 
and the daily emergence of adults distributed to these jars rather than 
placing all adults emerging on a single day into one jar. Adults may be 
added until the proper number are secured for the jar. The adults were 
left undisturbed until the first eggs blackened, indicating development, 
at which time the papers are removed, the jars thoroly cleaned and dried. 
Active adults in the jars at this time can be transferred to new jars. 
From twenty-five to thirty-five eggs per female moth was found to be a 
normal return from this method of handling. 

Ovipositioy CHAMBER: For good results an oviposition chamber is 
essential. Such a chamber should be constructed to hold a constant 
temperature. Our chamber is constructed of double wall Celotex 
with one side opening as a door. The chamber measures six feet by two 
feet by two feet inside dimensions. The heating is controlled by a 
mercury Thermostat, in combination with a battery and relay. The 


1The wax paper used in the jars is of a very light weight grade, such as is used for 
wrapping foods. This paper is sold at most ten cent stores. 


44 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 23 


battery controls the relay which in turn switches on and off the 110 
volt current. Three 11U volt heaters totalling about 150 watts are 
installed in the chamber as a source of heat. A water coil containing 
fifty feet of one-quarter inch copper tubing (through which tap water is 
circulated as desired) serves to reduce the temperature within the cham- 
ber whenever the room temperature goes above that in the chamber. 
The best results were secured with a temperature of SO-S2°F. An open 
vessel of water is kept in the chamber which maintained a relative 
humidity of approximately 70°. 

It was found essential to have a source of light in the oviposition 
chamber. The light should produce an approximate dusk within the 
chamber when the chamber is closed. We found that a low wattage, old 
style carbon filament lamp was very satisfactory. This gave only a 
perceptible glow in daylight, but produced a very effective oviposition 
light. This hight was kept burning constantly and was the only source 
of light in the chamber. 


HANDLING oF EccGs: The moths deposit eggs on the paper covered side 
walls, the bottom and on the apple. When the first eggs blacken, the 
papers and apples are removed from the oviposition jars and placed in 
hatching tubes. These tubes were made from a standard six-inch paper 
mailing tube. By means of a cork borer a hole is cut in the side about 
one-third the distance from the top, into which is fitted a five-eighths 
by two and one-half inch shell vial. Before inserting the vial, the tubes 
should be dipped in melted paraffine to prevent loss of moisture from 
the interior. Four hatching tubes are used for each oviposition jar. The 
wax papers supporting the eggs were cut into strips about two inches 
wide and each strip loosely rolled and dropped into the bottom of the 
hatching tube. The apple is carefully peeled with a razor blade and 
the thin peelings distributed among the four tubes containing the papers. 
These peelings not only support eggs but serve as a source of moisture 
within the tubes. The mailing tube covers are screwed on and the tubes 
placed in a warm place with the vials toward a window. As the larvae 
hatch they will migrate to the shell vial as a source of light, in which 
they are easily seen. The shell vial can be withdrawn, the larvae re- 
moved with a camel's hair brush, and transferred directly to the fruit 
being tested. The shell vial is replaced until other larvae hatch. Prac- 
tically all of the larvae will have hatched within ten days. 


Vice-President F. N. Wallace assumed the Chair. 


Vice-PresipENntT F. N. WaLtace: The next paper is by T. J. Headlee. 
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SOME SUBSTITUTES FOR ARSENIC IN CONTROL OF CODLING 
MOTH! 


By Tuomas J. HEADLEE, Ph.D., Entomologist? JoseErpH M. GinsBurG, Ph.D., 
Biochemist in Entomology, New Jersey Agricultural Experiment Stations, 
and Rosert S. Fi_mer, B.S., Research Assistant, Rutgers University 


INTRODUCTION 


With the activity of Federal and State Pure Food officials in con- 
nection with arsenical residue on fruit, the question of substitutes for 
arsenic for control of codling moth in particular, and certain other 
insects in general, became of immediate importance to the fruit grower. 
In common with other fruit sections of the United States, New Jersey 
fruit growers have been made to feel strongly that something of this 
kind should be found. The reaction of some of the New Jersey Agri- 
cultural Experiment Station investigators to this need of the fruit 
grower has been to undertake serious studies in search for a substitute. 
Obviously such a substitute must be toxic to the codling moth and must 
be non-injurious or not seriously injurious to man. 

Two materials have received consideration at the hands of the New 


Jersey Agricultural Experiment Station investigators, white oil impreg- 
nated with the extract of pyrethrum and a compound known as nicotine 
tannate. 


Wuite-O1L-PyRETHRUM 


The first field work began in 1927 with white oil alone on a two row 
block in the Robert Allen orchard at Glassboro. The two row block 
received the oil treatment and the data was taken from the selected 
trees in each of these two rows. One row on either side of this block was 
used as a check row. The check rows, of course, received the standard 
arsenical sprays. The trees in these blocks were large, varying from 20 
to 25 feet in height. 

Materials used and time of application are specified in Table 1 which 
shows that practically the same number of treatments were given with 
each kind of material. 

‘Paper of the Journal Series, New Jersey Agricultural Experiment Station, Depart- 
ment of Entomology. ; 

*This investigation was planned and the paper has been written by the senior 
author. 

The 1927 work was carried out by the senior author. 

The 1928 work was carried out by the senior and by the second author. 

The 1929 work was carried out by all authors jointly. 
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TABLE 1. 


Spray Concerned 
Oil Block Delayed Dormant Standard Block 
Nothing Lime-Sulfur (1-9) plus nicotine 
(1-500) 
1.2 per cent White Oil Pink Bud Lime-Sulfur (1-40) 
1.2 per cent White Oil+ Blossom Fall Lime-sulfur (1-40) plus Powdered 
Powdered Lead Arse- Lead Arsenate (3 lbs.) 


nate (3 Ibs. to 100 gals.) 
0.8 per cent White Oil Ten-Days-After Dry-Mix (25 Ibs.) plus Lead 
Blossom Fall Arsenate (3 Ibs. to 100 gals.) 


0.8 per cent White Oil First Cover Spray Dry-Mix plus Lead Arsenate (4 
Ibs.) plus spreader (2 lbs.) to 
100 gals. 

Same as above Second Cover Spray Same as above 

Same as above Third Cover Spray Same as above 


During the season a certain amount of burning made its appearance 
on the foliage but could not be considered of any economic consequence. 
The June drop threw nearly twice as much fruit from the oil block as 
from the standard block, indicating that the oil had something to do 
with this drop. The season results are set forth in Table 2. 

This table shows a codling moth injury of 15.8% more apples on the 
oil block than on the standard spray block. Up to September 23rd 
the codling moth control on the oil block ran neck-and-neck with that 
on the standard treated block. It seems to the investigator if an ad- 
ditional oil spray had been applied the results in codling moth control 
on the oil block would have been practically equal to the codling moth 
control on the standard block. 

In 1928 four blocks of as many different standard varieties were 
placed under test in the orchard of Mr. Lester Collins near Moorestown. 
Oil treatments began with the first cover spray and three applications 
were made for the first brood. Rows on either side of each block were 
used as check rows and they received the standard cover spray of two 
applications for this brood. The oil material used in this case was a 
combination of oil and pyrethrum extract running at the rate of about 
three-fourths pound of flowers to one gallon of oil. The first cover spray 
application with oil carried an actual oil content of 1%. The succeeding 
two applications carried an actual oil content of 0.5%. Determination 
of infestation by first brood showed only a small infestation in either the 
standard treated blocks or the oil treated blocks. The infestation was a 
little less in the oil treated blocks than in the standard treated blocks. 

Chlorosis made its appearance in the foliage of the Staymen block in 
about one week after treatment. The same thing occurred, but to a mark- 
edly less degree after the second treatment. No foliage in‘ury traceable 
to oil made its appearance after the third spray. A heavy drop of fruit 
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on all blocks was experienced. It can be said that the June drop on the 
oil block was approximately double what it was on the standard treated 
blocks. Treatments were discontinued because of this chlorosis and this 

drop. Attention was then turned to the possible cause of injury. Ex- 

periments on foliage penetration previously carried out were reviewed 

and much more extensive ones were undertaken. The net result was the 

conclusion that rate or speed of penetration varied inversely as the vis- 

cosity of the oil and the extent of penetration varied as the amount of oil 

retained upon the unit surface and that amount of chlorosis and fruit 

drop varied as the amount of oil deposited upon the unit surface. It is, 

of course, recognized that lower viscosity oils are preferred in dry 

sections of the United States but is also known that such oils do not 

function as well in the heavily moist sections of which New Jersey is an 

example. 

In 1929 a more thoroughgoing field study of this question was under- 
taken. A three row block of Winter Banana was set aside for treatment 
with oil. On either side of this block was one or more rows of Winter 
Banana of the same age and approximately the same size which were 
given the standard arsenical treatment. Experience in using white oils 
at one or more per cent had taught the investigators that such dosages 
were apt to produce chlorosis and induce fruit drop. The strength of oil 
used, therefore, in the 1929 studies was in all cases 0.5%. 

The use of the oil pyrethrum was begun with the first cover spray 
for the first brood and continued throughout the period of entry by the 
larvae of the first and second broods. Furthermore, this material was 
applied, with the exception of four trees in one row, with a bean cluster 
nozzle instead of a spray gun and the writer thinks that he saw some 
evidence of injury on four trees that were gunned throughout this period. 

Winter Banana was picked near the end of September. The data on 
the oil treatments were taken from five to eight selected trees in the 
middle row of the three row block. The data on the standard sprays 
were taken from selected trees in two rows, one on either side of the three 
row block. The results are set forth in Table 3. Unfortunately, through 
a misunderstanding, the distribution of different types of codling moth 
injury on the picked fruit was not determined in this study. Such dis- 
tribution was determined, however, on the drops of the first five selected 
trees. 

This table shows that 68.7°% of the total fruit borne on the first five 
selected trees of the oil pyrethrum block was free from all types of cod- 
ling moth injury as compared with 53.5°7) from the standard treated 
blocks, a gain of 15.27 in favor of the oil-pyrethrum treated block. 
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Disregarding all drop fruit and considering picked fruit only, includ- 
ing the total yield of the eight selected trees, this table shows 80.8% 
of all the picked fruit free from codling moth injury of all sorts on the oil 
pyrethrum block as compared with 59.9% derived in the same way 
from the standard treated block, a gain of 30% in clean fruit. 


NICOTINE TANNATE SPRAY 


Some three years or more ago Dr. Ginsburg, Biochemist in Entomol- 
ogy, New Jersey Agricultural Experiment Station, made up a number 
of compounds of nicotine with the thought of developing nicotine as a 
stomach poison. Among these compounds was one known as nicotine 
tannate which preliminary investigations soon revealed to have con- 
siderable toxic power as a stomach poison for certain caterpillars. In 
1929 the attempt to put nicotine in the form of a stomach poison for 
insects was again taken up and nicotine tannate and nicotine silicotung- 
state were employed. Investigations on various insects showed that 
nicotine tannate had considerable merit as a stomach poison and it was 
deemed well to make a test of nicotine tannate against the codling moth. 

By the time we were ready to use nicotine tannate against the cod- 
ling moth it was time to begin cover spray for the second brood. Ac- 
cordingly this material was used against the second brood. The com- 
bination known as nicotine tannate was made in the spray tank using 
three pounds of tannic acid and one pint of “Black Leaf 50”’ to one 
hundred gallons of water. We are reasonably sure that this combi- 
nation leaves an excess of nicotine and an excess of acid. We were not 
quite sure whether this excess of acid was all gallic acid or whether it was 
partly tannic acid as well. 

One row of good sized Ben Davis trees was set aside for this test and 
on either side were many rows of Ben Davis that received only the 
standard arsenical sprays. 

The Ben Davis was picked in October and the results of the treat- 
ment are set forth in Table 4. The data were obtained from five selected 
trees in this row and from ten selected trees in the rows on either side of 
the nicotine tannate treated row. 

This table shows 73.2% of the total fruit from the nicotine tannate 
treated row free from codling moth injury of all kinds as compared with 
57.5% from the standard arsenical treated rows, a gain of 15.7% in 
favor of the nicotine tannate treated fruit. This table shows a little 
larger but practically the same gain on the part of the nicotine tannate 
treated rows when picked fruit alone is considered. 
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DiscuSSION AND CONCLUSIONS 


Of course the comparisons obtained in the field work of 1929 are 
much more thoroughgoing than those obtained in 1927 and 1928. 
There is little need to consider 1927 and 1928S except to say that those 
years show that when high viscosity white oil is used at greater than 
0.5% a certain amount of cholorsis and a considerable amount of fruit 
drop is to be anticipated. 

As a basis for discussing the comparative effectiveness of the standard 
arsenical sprays on the one hand and the white oil pyrethrum and nic- 
otine tannate on the other hand, it is necessary to be familiar with the 
comparative number of treatments that were depended on to cover 
the period of entry by codling moth larvae of the first and second broodi 
Table 5 sets forth the facts relative to this matter. 

In Winter Banana block the standard arsenical sprays covering this 
period numbered three, while in the Bern’ Davis block the sprays given 
with this material numbered four. In the oil the sprays covering this 
period numbered eight and when dealing with fruit picked in October 
might well require nine. 

It is to be admitted at once, on the basis of these figures, that better 
control has been obtained through the use of the non-arsenical sprays 
than through the use of the standard arsenical sprays. It is likewise to 
be admitted at once that the amount of treatment necessary and con- 
sequently the incidental expense has been greatly increased. As balanc- 
ing off this greater expense it should be pointed out that the fruit comes 
to maturity in a more handsome and attractive form and that the per- 
centage of gain in clean fruit is large enough to pay the bill. Also asa 
matter of balancing off this additional expense it should be pointed out 
that there seems to be no reasonable reason to anticipate any necessity 
for spray residue removal. 

There are certain factors that enter into the use of these sprays which 
will have to be further evaluated. The oil-pyrethrum spray increased 
the vegetative character of the trees, increased to a small extent the ac- 
tual yield in fruit but decreases the size of the fruit buds for the follow- 
ing year. This may or may not be a serious matter. It might be ad- 
vantageous in the long run or it might constitute a serious interference 
with fruit production over a period of years. The use of nicotine tannate 
for control of codling moth is so new that it is difficult to foresee and 
unsafe to foretell what its effect upon production over a period of years 
would amount to. On the other hand nicotine tannate treated trees 

were as well protected from Japanese beetle as the standard arsenical 
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treated trees and furthermore the nicotine tannate treated trees were 
very largely protected from injury by late broods of leafhoppers. The 
writer thinks it can also safely be said that nicotine tannate can be 
made by other methods at a much lower cost than those that were em- 
ployed in the field work this year. 

From the preceding work, as set forth above, it may reasonably be 


concluded : 

1. That either white-oil-pyrethrum or nicotine tannate can be em- 
ployed for destruction of codling moth with as high a measure of control 
as can the arsenic sprays. 

2. That these materials have in them the promise of reasonably and 
perhaps completely adequate substitutes for the control of codling 
moth in the place of arsenical sprays when used during the period of 
entry by the larvae of that insect. 

3. That very considerable amounts of further work must be done 
upon them before they can be recommended for practical use. 

VicE-PRESIDENT F. N. Wattace: The next paper is by Anthony 


Spuler and Fred P. Dean. 


NEW COMBINATION SPRAYS FOR CODLING MOTH CONTROL 
By ANTHONY SPULER and FRED P. DEAN, Washington Agriculture 
Experiment Station 
ABSTRACT 

Lead arsenate is not an effective spray treatment for the second brood of the 
codling moth, Carpocapsa pomonella. From 40 to 50 per cent of worms placed on 
apples sprayed with lead arsenate 2-100 entered the fruit unpoisoned. The addition 
of mineral oils of medium to high viscosity to lead arsenate greatly improved the 
insecticidal value of the lead arsenate. This combination spray has an ovicidal value 
of £0 to 95 per cent and a larvicidal value much greater than that of lead arsenate 
Fish-oil is even more effective than mineral oils in increasing the insecticidal 


alone. 
The nicotine-oil combinations have proved as effective as 


value of lead arsenate. 
lead arsenate when applied in the cover sprays for the first brood and decidedly 
more effective if applied in the second brood sprays. All combination sprays of 
mineral oils with lead arsenate or nicotine sulfate are most effective if applied during 
the periods of maximum egg-laying. Because of cleaning difficulties, combinations 
of mineral or fish-oils with lead arsenate should be applied in first brood sprays and 


mineral oil-nicotine sulfate combination in second brood sprays. 

The control of the codling moth under conditions experienced during 
the past season is a serious problem facing the fruit grower. 

A combination of such factors as long continued activity of the codling 
moth (Fig. 1), optimum temperature conditions during second brood 
activity, difficulty of placing and maintaining a good arsenical spray 
covering on fruit when worms were most active were largely responsible 
for a heavy loss in fruit during the summer of 1929. 
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VALUE oF LEAD ARSENATE Sprays: Lead arsenate has long been the 
standard treatment for codling moth control, but much general dissatis- 
faction in its use alone has been reported by growers. A series of in- 
sectary tests during August in which a large number of newly hatched 
larvae were used showed that between 40 and 50 per cent of the worms 
placed on apples sprayed with lead arsenate 2-100 gained entrance 
without being poisoned. Chemical tests of apples so sprayed showed 
them to contain approximately 100 micro milligrams of arsenic per 
square inch of apple surface. At the same-time chemical analyses of 
apples in orchards receiving six covers of lead arsenate showed 75 mmg. 
of arsenic per square inch ten days after the last spray. 


Codli ng Moth 
Trap Fecord 


Fic. 1.—Moth activity during season of 1929. 


The degree of control that can be expected in the use of lead arsenate 
alone depends on the uniformity of spray cover and on the amount of 
arsenical deposit on the fruit. Tests have shown that with the same 
arsenical deposit on the fruit, the type of cover that results in an even 
distribution of spray will give best results. 

Lead arsenate when used alone places a spot type of cover on the fruit 
with little or no arsenical deposit between the spots. When a calcium 
caseinate spreader is added to lead arsenate, the spray spreads uni- 
formly over the fruit. However, the addition of this spreader results in 
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a marked reduction in the amount of lead arsenate deposited on the fruit 
because of the heavy run off which it produces. This reduction in 
deposit more than offsets the advantages gained because of better cover- 


age. 


— lead arsenate 
——dLead arsenate + Spreader 


m.MgQ arsenic per sq. inch 


2 3 


Worm entries percent 


Lead arsenate in pounds per /00gal. 
/ 2 3 + 5 6 7 


Fic. 2.—Relationship of lead arsenate concentration to arsenical load and control. 


Increasing the strength of spray and thereby the deposit of lead ar- 
senate on the fruit will result in increased control but this is not in direct 
proportion to the concentration of spray used. The results of increas- 
ing the dosage of lead arsenate in the spray are seen in Fig. 2. = 
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It will be noted that control increases rapidly with concentration of 
spray until approximately three pounds of lead arsenate per 100 gallons 
are used after which added amounts of the arsenical have but little value. 
Twenty per cent of the worms, succeeded in entering the apple un- 
harmed even after seven and one-half pounds of lead arsenate per 100 
gallons were used. 

Out of a large number of materials tried and discarded, a few combi- 
nation sprays have consistently shown their superiority over lead arsenate 
used alone, especially for the control of the codling moth during the 
second brood. These sprays are combinations of mineral oil and lead 
arsenate, fish-oil and lead arsenate and mineral oils and nicotine sulfate. 


Lead arsenate 


Lead arsenale +oi/ 


= 
3 


September 
Fic. 3.—Larvicidal value of lead arsenate and oil-lead arsenate combinations. 


MINERAL O1L AND LEAD ARSENATE CoMBINATION: Highly refined 
mineral oils have been used in an experimental way for codling moth 
control for a number of years, but their use has not become general 
because information regarding the type of oil, strength of spray, effect 
on fruit and on residue removal has not until recently been available 
Oils used in experimental work at Wenatchee, Washington, ranged in 
viscosity from 50 to 120 seconds Saybolt and in sulfonation test from 85 
to 

Insectary tests conducted by James Marshall in 1928 showed that 
mineral oils used at three-fourths per cent strength (actual oil) would 
kill from SO to 95°) of the codling moth eggs. He also found that the 
ovicidal value of the oil increased with the viscosity of the oil. 

When oils are combined with lead arsenate, the resultant spray has an 
ovicidal value equal to that of oil alone and a larvicidal value greater 
than that of lead arsenate alone. Whether the increased larvicidal value 
is due to a more uniform coverage or to greater adhesive and elastic 
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properties or to a combination of all three factors has not been de- 
termined. The results of insectary tests on larvicidal value of lead 
arsenate and lead arsenate and oil combinations are given in Fig. 3. 

In these tests the oil exerts no ovicidal value since the newly hatched 
worms were placed on the sprayed apples. It will be noted that the 
combination of oil and lead arsenate reduces the worm entry almost 40% 
over that of lead arsenate alone during August. As the season advances 
these differences decrease. The oil used in these tests had a viscosity of 
72-75. Oils of 50 viscosity when combined with lead arsenate added 
very little to its larvicidal value. On the other hand, when an oil of 120 
viscosity was added to lead arsenate, the resultant combination was 
very much more effective. The addition of an oil to lead arsenate in- 
creases the efficiency of lead arsenate over a longer period of time than 
when no oil is added, as shown in Fig. 4. 


Werm entries 
20 


ars. 


Leadars.+oi| 


lead ars + oil 


Lead ars. 


Leadars +oi/ | 


Fic. 4.—Effect of weathering and fruit growth on lead arsenate 
and oil-lead arsenate combinations. 


Over 40 per cent of the larvae entered the fruit immediately after 
spraying, 55 per cent five days later and 78 per cent at the end of ten 
days. The oil-lead arsenate combination is more effective after ten days 
than lead arsenate alone is immediately after spraying. 

From the standpoint of both ovicidal and larvicidal value the heavier 
oils are most effective. Since heavy oils have a tendency to injure fruit 
and complicate the washing problem, the selection of an oil for spray 
purposes should be made with the idea of getting one that is most 
effective in codling moth control, that can be used without injury to fruit 
and will not materially complicate the washing problem. 

Since it is not advisable to use more than three applications of this 
combination spray during the season, they should be so timed as to be 
most effective. In order to determine when this combination is most 
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effective, a series of field tests were conducted in which a combination of 
lead arsenate 2-100 and an oil with a viscosity of 70-72 used at the rate 
one gallon of oil emulsion per 100 gallons was applied at different times 
during the season. The results of these tests are given in Fig. 5 and 6. 

These results indicate that the combination is much more effective if 
used in the second brood sprays since plot number five in Fig. 5 which 
received two applications of this combination in the first two covers 
show a worm entry of 75 per 1000 apples while plot three in Fig. 6 
with the same number of applications of this combination in the last 
two cover sprays shows a worm entry of only 22 per 1000 apples. 


Worm entries per 1000 apples 
60 60 


Lead ars a// covers 


Lead ars.and oi/ in 
the 6th cover 


Lead ars and oi/ in 
Sth and 6th covers 


Lead ars and oi! in 
4th le 6th covers 

Lead ars and oi/ im 
Srd to 6th covers 


Lead ars and o:/ in 
2nd to 6th covers 


Lead ars.+0ilallcovers 


20 ¥0 60 80 100 
Fic. 5.—Relative value of oil in various cover sprays. 


The results as given in Fig. 6 further show that the use of this com- 
bination spray in the first four cover sprays did not materially increase 
control over that obtained when the last two covers only received the 
lead arsenate-oil combination. 

In another test the oil-lead arsenate combination was applied in the 
first and last covers only with excellent results. These are given in 
Fig. 7. In order to use a limited number of applications of this com- 
bination spray to best advantage it is imperative that moth traps be 
used to indicate the time that most of the eggs are laid in the orchard. 
In referring again to Fig. 1, it will be noted that most of the eggs in the 
first brood were laid between the 1Uth and 22nd of May and in the second 
brood between August Ist to 23rd. Combination sprays of oil and lead 
arsenate should be most effective if applied during this time. Results 
of field tests indicate that two sprays of oil combined with lead arsenate 
applied at this time reduced the worm infestation from 60 to 85% over 
that secured by the use of lead arsenate alone. 
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FisH-Or anp LEAD ARSENATE: If a combination of mineral oil with 
lead arsenate increases the value of lead arsenate because of increased 
sticking or adhesive properties, even greater larvicidal value should 
result if a drying or semi-drying oil is used with lead arsenate, since 
drying or semi-drying oils have adhesive or sticking properties greater 
than that found in mineral oils. 

The drying or semi-drying oils most commonly available are linseed 
oil (drying) fish-oil and corn-oil (semi-drying). In this group, fish-oil is 
perhaps the cheapest and most generally available. Its efficiency 
is somewhat less than linseed oil, but greater than corn-oil. In most of 
the insectary and field tests, fish-oil was used to determine the value 
of oils of this type in increasing the insecticidal value of lead arsenate. 
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Fic. 6.—Relative value of lead arsenate and oil-lead arsenate in various 
cover sprays. 


Field tests for the past three years have repeatedly shown that fish-oil 
combined with lead arsenate forms a spray that is much more effective 
than lead arsenate used alone. In these tests the fish-oil was not emul- 
sified but poured into the tank of lead arsenate spray while the agitator 
was running. It was used at the rate of one quart of fish-oil to 100 
gallons of spray. 

Insectary tests show this combination to be more effective as a lar- 
vicide than the mineral oil-lead arsenate combination and field tests 
have shown during the past two years that fish-oil added to lead arsenate 
(1-100) is as effective as twice that amount of lead arsenate used alone. 

This combination spray results in a heavy deposit of arsenical residue 
on the fruit. Because of the cleaning problem fish-oil should, therefore, 
not be used with large amounts of lead arsenate or in many applications. 
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MINERAL O11 AND NICOTINE SULFATE: Altho both nicotine sulfate 
and mineral oil have decided ovicidal value, the combination of the two 
adds but little to the ovicidal value of the oil used alone. However, 
the oil in this combination holds the nicotine sulfate on the fruit over a 
considerable period of time thus forming a spray combination that has 
both ovicidal and larvicidal value without depositing an objectionable 
residue on the fruit. 

The combination of oil, one gallon per 100, and nicotine sulfate one- 
half pint to 100 gallons has given control of the codling moth equal to 
that of lead arsenate 2-100 in tests conducted the past two years. In 
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Fic. 7.—Value of combinations of medium oil 34°} actual oil and nicotine 
sulfate 1-1600 in various cover sprays. 


addition to codling moth control this combination is effective in con- 
trolling such other pests as red spider, and green, rosy and woolly aphis. 

However, as previously stated, oil sprays cannot be applied in more 
than three applications because of possible injury to plants. This also 
holds true for the oil and nicotine sulfate combination. This com- 
bination is also quite expensive and for that reason should be used in a 
limited way only. 

In order to use this combination to the best advantage it should be 
applied in that part of the spray schedule where it is most effective. 
A series of field tests were conducted, in which this combination spray 
was used in various covers in the spray schedule. The results of these 
tests are given in Fig. 7. 

These results shor that this combination spray can be substituted for 
lead arsenate in any of the cover sprays with results equal to that of lead 
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arsenate used alone. They also indicate that if this spray is used dur- 
ing the height of the egg-laying period of both broods or in the second 
brood sprays, the control will be even better than where lead arsenate 
alone was used in all the covers. 

Experimental tests during the past two years show that either of the 
three combinations discussed show a decided improvement over lead 
arsenate used alone. In addition to increased control of codling moth, 
the oil-nicotine sulfate and oil-lead arsenate combinations are a de- 
cided factor in the control of other insects as aphis, young scale, and red 
spider. None of the three combinations should be used thruout the 
entire spray program since they either complicate the cleaning problem 
or produce some injury to fruit. The oil-nicotine sulfate is most effective 
if used in the second brood sprays where it also seems to materially 
reduce the spray residue problem. The oil lead combination is most 
effective during height of the egg-laying period of both broods, but 
because it complicates removal if used in late sprays, it should be used 
in the first or second cover sprays. Fish-oil is not an ovicide at the 
strength used and is of value only in increasing the efficiency of lead 
arsenate. It can be used to great advantage in the early covers to keep 
the fruit protected. 

President T. J]. Headlee resumed the Chair. 

Mr. J. S. Houser: I should like to ask Mr. Spuler how he handles 
the fungicide problem with the oil spray. 

Mr. AnTHONY SpuLER: We get practically no rain from the first 
time we start spraying until we harvest the fruit. The only thing we 
have to contend with at all is the mildew which only occurs occasionally, 
and we use the sulphur spray for that. 

PRESIDENT T. J. HEADLEE: The next item is a paper by M. D. 
Leonard. 


FURTHER EXPERIMENTS WITH NICOTINE-OIL FOR THE 
CONTROL OF THE CODLING MOTH IN THE PACIFIC 
NORTHWEST 
By M. D. Leonarp, Entomologist for the Tobacco By-Products * Chemical Corp., 
Louisville, Ky. 

ABSTRACT 

Experiments conducted in the Pacific Northwest during the season of 1929 are 
reported on. These were in cooperation with several of the leading oil spray manu- 
facturers. The resuts, in general seem to substantiate those obtained in 1927 and 
1928, further indicating the value of the nicotine-oil cowoination in the general 


apple spray schedule in the Northwest. 
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INTRODUCTION 


In the JourRNAL or Economic Entomo.ocy, Vol. 22, pp. 72-77, 1929, 
there were reported upon by Frank B. Herbert, Entomologist for 
Balfour, Guthrie & Co., of San Francisco, California and the present 
writer experiments and experiences during the years 1927 and 1928 
with the nicotine-oil combination for the control of the codling moth 
in the Pacific Northwest. The results were so encouraging that they 
have been continued during the season of 1929. 

Extensive experiments with nicotine-oil and lead-oil were conducted 
in cooperation with the Washington State College under the direction 
of Dr. R. L. Webster and Prof. Anthony Spuler at Wenatchee, Wash- 
ington. These will be reported on in detail in a separate paper by Prof. 
Spuler. Tests were also carried on with Mr. E. J. Newcomer of the 
United States Bureau of Entomology at Yakima, Washington; Prof. 
Claude Wakeland of the University of Idaho at Parma, Idaho; and 
with Prof. Don C. Mote of the Oregon State College at Corvallis, Oregon. 
Mr. Newcomer’s results will be published later elsewhere. Professor 
Mote’s and Professor Wakeland’s complete data are not as yet available. 

Because of the favorable results obtained last season with official 
workers and leading growers considerable interest has been aroused 
among oil spray manufacturers in the nicotine-oil combination for 
codling moth control. During the past season therefore, cooperative 
tests were conducted in the Wenatchee and Yakima Valleys of Wash- 
ington with three of the leading oil spray companies. These were: 
Balfour, Guthrie & Co., under the direction of Frank B. Herbert, Ento- 
mologist and Mr. D. J. Chamberlin, Jr., Northwestern Representative; 
the California Spray Chemical Co., under the direction of Dr. W. S. 
Regan, Director of Research for the Northwest; and the Sherwin- 
Williams Co., under the direction of Mr. Harry E. White, Northwestern 
Representative. The work was done in five orchards representative of 
somewhat different conditions. It is the results chiefly of these tests 
which are here reported. 

Originally this set of tests was planned to be on a commercial scale, 
using plots of at least two acres sprayed with each combination and a 
comparative pack-out to be taken from each plot at harvest time. It 
was not possible, however, to obtain a comparative pack-out of the fruit 
harvested and in two or three cases it was necessary to reduce the size 
of the plots. The chief purpose of the tests was to determine the con- 
trol of codling moth to be obtained with nicotine and oil combined, as 
compared with arsenate of lead used alone and with arsenate of lead 
combined with oil. 
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Due to a steadily increasing codling moth infestation in these con- 
centrated apple-growing sections of the Northwest and to the problem 
of arsenical residue removal, much attention has been given of late to 
developing a somewhat more efficient spray material than arsenate 
of lead alone, especially for second brood control. It is undoubtedly 
true that many growers are usually able to produce a commercially 
clean crop by the use of lead alone. To do so, however, requires a large 
number of cover sprays and an orchard either in a lightly infested 
district or one in which the infestation is at a fairly low ebb. 

A combination of lead and highly refined summer oil emulsions has 
proved so successful that it has become very popular with growers, 
particularly for the mid- or late-season sprays. Orchard mites, such 
as the European red and the two-spotted mite are also checked at the 
same time. Such a schedule, however, has not simplified the removal 
of the arsenical residue which, although not usually unduly difficult or 
costly, constitutes, nevertheless, somewhat of a hardship to many 
growers. The necessity also still remains for making at least one or two 
additional applications for the control of such pests as rosy and green 
aphis, woolly aphis, San José scale (the summer “‘crawlers’’), leaf 
hoppers, etc. The combination of nicotine and oil has proved about as 
efficient as the lead-oil for codling moth control, when used in the later 
applications. It has simplified the removal of arsenical residue and in 
some cases entirely done away with the necessity of washing the fruit. 
Also the coverage of the fruit and foliage obtained is excellent. The 
combination has also given good control of all of the other apple pests 
mentioned above. 

Although the nicotine-oil is somewhat more costly than lead alone 
or even the lead-oil combination, it is believed that the extra expense is 
fully justified especially when it is considered from the standpoint of a 
multiple-purpose spray, which, if properly spaced in the ordinary spray 
schedule will satisfactorily handle the major apple pests present in the 
Northwest. It was planned to work out carefully comparative cost 
data on several of the tests this past season but unfortunately this did 
not prove to be practicable. It can be definitely stated, however, that 
it is the opinion of the various growers and experimenters concerned 
that the use of the nicotine-oil in the spray schedule for codling moth 
control fully justified itself and especially so when the control ob- 
tained of the other pests present was considered. It would seem that the 
nicotine-oil combination is most valuable in the later applications, lead 
alone or one or two lead-oil sprays in the earlier ones being more bene- 
ficial. The use of nicotine-oil in the last two cover-sprays, in a six 
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cover-spray area, figures only about one-half again as much as if lead only 
were used thruout and just the same as if lead alone were used in the 
calyx and second to fourth covers and lead-oil substituted in the first 
and last two covers. This is figuring 2 lbs. of lead, one gallon of oil, and 
one-half pint Black Leaf Forty in 100 gals. water at prevailing retail 
prices. If the additional cost of nicotine-oil and lead-oil be figured per 
box of apples on a normal crop at normal prices it is extremely small. 
This increased cost does not consider the saving from simplification of 
arsenical residue removal in the case of many growers and control of 
other pests besides codling moth. 

In presenting the data obtained in the following five tests it should be 
pointed out that an attempt was made only to measure the control of 
codling moth. Due partly to a season of unusual worm activity, all 
of the comparisons are not as clear-cut as have been obtained in previous 
seasons. Moth emergence was not only more intensive but more pro- 
longed than in several seasons past, the peax of second brood emergence 
coming almost the middle of August for the two Valleys. Local ob- 
servers state that the past season has been one of the wormiest for a 
number of years. Most growers stopped spraying too soon and many 
orchards which were practically free from worm work up until mid- 
July or early August became badly infested later on with a large cullage 


showing in the packing house. The Ribbon Cliff, Villmann and Coffin 
orchards should have possibly each received one additional application. 
The protective influence of all spray material diminished as time went 
on and differences in worm control, quite apparent by looking over 
the plots earlier in the season, tended later to even themselves up. 


COOPERATIVE EXPERIMENTS WitH BaLrour, GuTHRIE & COMPANY 
Arthur Karr Ranch, Yakima, Washington 


A five-acre plot was selected consisting of bearing Romes and Wine- 
saps, each sprayed plot consisting of about one-half acre. Each plot 
received a calyx and five cover sprays, the calyx and first cover being 
lead in every case, with the combination sprays in the second to fourth 
covers. By mistake each plot received nicotine-oil in the fifth cover. 
This undoubtedly modified the final results obtained, since this last 
spray was timed to catch the peak of the second brood. The sprays 
were timed as carefully as possible based on moth emergence as de- 
termined by the use of bait pots in the orchard. They were made as 
follows: calyx—May 10th; first cover— May 28th; second cover—June 
22nd; third cover—July Sth; fourth cover—July 29th; fifth cover- 
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August 15th. The fruit on four trees was examined in each plot except as 


otherwise noted. 
Part of the remainder of Mr. Karr’s orchard was sprayed on approx- 
imately the same dates as follows: 


Calyx—Lead 2 lbs. and Spreaderex 4/5 Ib. in 100 gals. water. 

Ist cover—Lead 2 lbs. and Medol 1% gal. and Spreaderex 4/5 Ib. 
2nd cover—As above. 

3rd cover—Lead 1 Ib. and Medol 1% gal. and Spreaderex 4/5 Ib. 
4th cover—Medol 1 gal. and BL40 2/5 pt. and Silque 4/5 Ib. 

5th cover—As above but no spreader. 


This schedule is referred to as the ‘Orchard Treatment”’ in the following 
table and was compared directly with our experimental plots. 

It is interesting to note that on Mr. Karr’s 25 acre pear and apple 
ranch at Tieton, Washington, in the upper Yakima Valley where worm 
infestation is somewhat lighter normally, he used a calyx and the first 
and second covers as above. The third cover, with nicotine-oil, how- 
ever, was the last and fifty-five days elapsed between it and the second 
cover. Mr. Karr stated that his worm control was highly satisfactory— 
the best he has ever had— whereas adjoining or near neighbors with 
similar orchard conditions but a different spray schedule suffered severe 
cullage from worm work. 


TABLE 1. SUMMARY OF RESULTS ON THE ARTHUR Karr RANCH, YAKIMA, WASH. 


Treatment per 100 Gals. Total No. “% Wormy % Stung % Wormy 
and Stung 
Romes 
Lead! . 2. 23.5 
Lead and Spreader? : 5. 28.2 
Lead and Medol, 114 gal. and Spreader 765 8.; i. 15.0 
Nicona, 1% gal. a ; 31.8 
Black Leaf 40, % pt. and Medol® 1% 
gal. j 4 5. 13.9 

Black Leaf 40, 3; pt. and Medol, 1% 

gal. ‘ 36: 14.2 
Orchard Treatment (3 trees) . : 3.6 12.1 

Winesaps 

Lead (3 trees) OS: 3. 6 25.0 
Lead and Spreader... 15.0 
Lead and Medol, 114 ral. ‘and Spreader 3. 8.1 
Nicona, 1% gal. 28: 17.2 
Black Leaf 40, % pt. and Medol. 1% ‘ 

gal. . 2. 4.9 
Black Leaf 40, Pt ‘and Medol, 


‘Arsenate of Lead was used each time at the rate of 2 Ibs. in 100 gals. of water. 

*Spreaderex 4/5 Ib., but Silque 4/5 Ib. in 4th cover. 

*Medol is an oil emulsion manufactured by Balfour, Guthrie & Co.—viscosity— 
65 Secs; sulfonation test 92-94; % oil 79-82. 
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It will be noted from an examination of Table 1 that Mr. Karr’s 
regular orchard treatment, which was compared with the experimental 
plots, gave as good if not slightly better worm control than any of the 
others. The Black Leaf 40-oil plots were a close second, with the lead- 
oil next on both Winesaps and Romes. Lead alone was by far the least 
effective especially on Winesaps and on Romes, the spreader apparently 
decreased even its efficiency. However, Nicona, a nicotine-oil prepa- 
ration manufactured by Balfour, Guthrie & Co., guaranteeing at least 1% 
actual nicotine, gave about the same control as lead and spreader on 
both varieties. In all fairness it should be stated that the Nicona plot 
was located nearest the orchard buildings, therefore undoubtedly did 
not have as good a chance as the other plots. This material was put 
on the market in only a limited way during the past season. Next 
year it is planned to considerably increase its nicotine content which 
should greatly improve its efficiency. Strangely enough no better 
control of worms was obtained by using Black Leaf 40 at 34 pt. to 100 
gals. with oil than with % pt. This was undoubtedly due to experi- 
mental error. As previously suggested, more striking differences would 
undoubtedly have shown up had not the last cover in all plots been 
made with nicotine-oil alone since this was the most important spray 
for the control of the second brood. 


Ribbon Cliff Ranch, Entiat, Washington 

An attempt was here made to compare lead, lead-oil and nicotine-oil, 
again using Nicona and two strengths of Black Leaf 40. No spreader 
was used. Plots of approximately two acres each were selected in a 70- 
acre orchard, including a half dozen commercial varieties. Counts 
were made only on Delicious and Winesaps. A calyx and _ three 
covers were applied, which is normally sufficient for the Entiat section, 
but this season at least one more cover would have given better control 
on varieties such as Winter Bananas, Jonathan and Delicious. Dates of 
application were as follows: calyx, April 29; first cover, May 20-24; 
second cover, June 4-6; third cover, June 20-24. Arsenate of lead 
alone was used in the calyx and first cover, the combination sprays being 
in the second and third only. 

Table 2 summarizes the results obtained, based on an examination 
of all the apples from each of four trees in each plot on each variety at 
harvest time. 

All treatments apparently gave almost equally very good control on 
the Winesaps. On the Delicious, 34 pt. of Black Leaf 40 with oil was the 
best, with Nicona showing the highest percentage of worms. 
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TABLE 2. SUMMARY OF RESULTS ON THE RIBBON CLIFF Rancu, Entrat, WAsH. 
Treatment per 100 gals. Total No. % Wormy % Stung % Wormy 
and Stung 
Delicious 
17.0 
Lead and Medol 1% gals 


Nicona 1% gals 
Leaf 40 pt. and Medol 1% 


bo 


Lead 
Lead and a 1% gals 


Nicona 1} 
Black Lest 40 1% pt. and Medol 11% 


bo 


3447 2.2 
‘Lead was used each time at the rate of 2 Ibs. in 100 gals. of water. 


C. R. Villmann Ranch, Wapato, Washington 


Mr. Villmann had such excellent results in codling moth control 
in 1928 with nicotine and oil on 2% acre plots as compared with lead 
alone that this past year he decided to spray approximately sixty acres of 
his eighty acre orchard with nicotine-oil and the remainder with lead. 
A calyx and four cover sprayswere applied with lead and Fluxit'spreader 
in the calyx and first cover throughout the orchard and the nicotine-oil 
with the spreader in the second, third, and fourth covers on the sixty 
acre section. The dates of applications in the section in which count 
trees were selected follow: calyx, May 11-13; first cover, May 18-21; 
second cover, May 29-31; third cover, June 14-22; fourth cover, July 15. 


TaBLe 3. SumMARY oF REsuLts or C. R. VitLMANN RANcH, WAPATO, WASH. 
Treatment per 100 gals. Total No. % Wormy % Stung % Wormy 
and Stung 
Jonathan 
Lead (6 trees) ¢ 16.0 3.1 19.1 
Black Leaf 40 34 pt. and Medol L. 34 
gal. (6 trees) 378 11.2 2.1 13.3 


4.2 6.5 
Bleck 1 Leaf 40 34 pt. and Medol L. 34 
gal. (7 trees) 5 5.8 4.8 10.6 


It would appear from a summary of the results in Table 3 that al- 
though worm control was almost 50% better with nicotine-oil than with 
lead on the Jonathans, there were twice as many wormy apples and just 


1Fluxite is a highly colloidal insecticide fixator, not to be confused with the 
popular term “spreader” (calcium caseinate). It is manufactured by the Colloidal 
Products Corp. of San Francisco, Calif. 


3185 12.0 16.0 
Black Leaf 40 3% pt. and Medol 1% 
Winesaps 
1.5 5.1 
2.4 5.1 
1646 3.6 6.5 
3550 2.0 4.4 
Black 
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as many stung ones where the Winesaps were sprayed with nicotine- 
oil as with arsenate of lead. These figures can hardly be taken at their 
face value, however. Mr. Villmann states that the section of his ranch in 
which the lead sprayed Winesaps are located has always been the 
cleanest part of the orchard. Due to considerably varying conditions 
throughout a sixty acre tract the selection of only seven count trees 
which would truly represent actual worm conditions in the whole tract 
was almost impossible. Due to this fact coupled with a certain amount 
of experimental error in taking results, Mr. Villmann feels that the act- 
ual percentage of wormy fruit was probably almost the same with each 
treatment, but nevertheless, both figures (2.3% and 5.8%) represent 
good worm control for this season. 

Although a comparative pack-out of all the apples on each treatment 
could not be arranged, due to lack of time at harvest, some figures were 
obtained. In what Mr. Villmann designates as his ‘East 20-acre tract,”’ 
about twenty trees sprayed with arsenate of lead and Fluxit were only 
6% wormy, but had a total of 31% culls due to rosy aphis injury. Altho 
twenty comparable trees in the tract immediately adjoining which was 
sprayed with nicotine-oil and Fluxit, showed about 11% wormy apples, 
they had only a total of 16% culls due to good aphis control. Mr. 
Villmann feels this is very satisfactory for this past season of rather 
unusual worm work, especially since the cost of an additional appli- 
cation was saved. Had extra applications for aphis control been made 
on the lead tracts, as should have been done, additional expense would 
have been incurred. Mr. Villmann plans to spray his whole orchard 
with nicotine-oil next season in the last two or three applications and 
eliminate the cost of washing the fruit. This past season the nicotine- 
oil sprayed apples were washed only with clear water to remove dust. 


COOPERATIVE EXPERIMENT WITH THE CALIFORNIA SPRAY CHEMICAL 
COMPANY 


Ted Hackett Ranch in the Broadway District, Yakima, Wash. 


The spraying on the experimental plots on this ranch was done per- 
sonally by Dr. Regan of the California Spray Chemical Co., and an 
assistant. The applications were carefully timed by means of bait- 
pots for the moths. 

Each plot received six applications made on the following dates: 
May 19; May 31; June 15; June 28; July 11; August 6. Jonathans were 
picked September 20th; Delicious and Romes October 3rd; Winesaps 
October 15th. 
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TABLE 4. SUMMARY OF RESULTS ON THE BROADWAY DistTRICT RANCH, 
Yaxkma, WAsH. 


Plot Variety Treatment per 100 gals. Water Apples % Wormy % Culls 
No. Total No. and Stung 
1 Rome Lead! 820 46.2 33.2 
7-B Rome Lead and Orthol-K medium,? 
no spreader 794 13.0 7.4 
8 Delicious Lead and hydrated lime, 1 lb. 
and Orthol-K medium 3.2 1.4 
Winesap Lead and hydrated lime, 1 Ib. 
and Orthol-K medium 2.5 1.0 
Delicious Lead and hydrated lime, ™% lb. 
and Orthol-K medium in Ist 
3 appl., then Orthol-K med. 
and Bi.40, % pt. in 3 appl. 
Winesap Lead and hydrated lime, % lb. 
and Orthol-K medium in Ist 
3 appl then Orthol-K med. 
and BLAO, % pt. in 3 appl. 9.9 
Delicious As above, except BL40, 1 pt. and 
lead-oil and lime in Ist and 
2nd appl. only 603 8.6 6.4 
Winesap As above, except BL40, 1 pt. and 
lead-oil and lime in Ist and 
2nd appl. only 161 7.4 7.4 


‘Arsenate of lead was used each time at the rate of 2 lbs. in 100 gallons water. 

2Orthol-K medium oil was used each time at the rate of 34 gal. in 100 gallons of 
water. This oil has a viscosity of 80 Secs., sulfonation test of 92-94 and contains 
83% oil. 


As an indication of the infestation in the test orchard, it might be 
mentioned that a total of 5574 codling moths were caught in six bait 
pots in an adjoining portion of the orchard (about 100 yards away 
from the test block), between May 11 and October 1. The unsprayed 
check tree thinned at ten day intervals for stings and worms throughout 
the season, had only 157 apples on the tree at picking time, out of a 
total of 995 on the tree originally free from worm work. This tree was 
located among well-sprayed trees and at each thinning all infested fruit 
was checked and destroyed. A total of 615 side worms, 138 stings and 
260 calyx worms were found on this unsprayed Winesap during the 
season. This tree and all of the trees in the test block were banded, 
the bands gone over every ten days and worms under them destroyed. 

It will be noted from Table 4 that Plot 9 received three applications 
of lead-oil followed by three of nicotine-oil whereas Plot 10 had nicotine- 
oil in the last four sprays and double the amount of nicotine. The ad- 
ditional application in Plot 10 reduced somewhat the percentage of 
total worm work on Delicious and to nearly one-half on Winesaps while 
the total cullage from worm work was reduced somewhat on Winesaps 
but to one-half on Delicious. The control on both of these nicotine-oil 
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plots was greatly superior to that with lead alone even though the latter 
was on Romes, a normally more susceptible variety than either Delicious 
or Saps. 

Plot 7-B with lead-oil in all sprays was undoubtedly no better if 
quite as good, as the two nicotine plots when it is considered that it con- 
sisted of Romes. 

The addition of hydrated lime to the lead-oil in Plot 9 gave sur- 
prisingly clean fruit. However a considerable arsenical residue and 
little control of aphis should be considered when judging the full merits 
of such a treatment. 


COOPERATIVE EXPERIMENT WITH THE SHERWIN-WILLIAMS 
COMPANY 


Coffin Orchard, Sawyer, Wash. 


The work here was carried on in a 100-acre bearing orchard. Bartlett 
pears and Jonathan and Winesap apples were included. Lead alone, 
lead and oils of several types and concentrations, and Black Leaf 40 
and oil were compared. The experimental section included about 
three acres and each plot consisted of 10-12 apples interplanted with 10- 
12 pear trees. Sawyer is in the lower Yakima Valley and in the center of 
one of the most severe codling moth areas in the Northwest. Many 
growers in the vicinity applied this season eight to ten cover sprays on 
Jonathans with highly unsatisfactory worm control. Mr. White of the 
Sherwin-Williams Co., personally did the spraying in the experimental 
plots, timing the applications by the use of bait pots. A calyx and seven 
covers were given but even then an additional spray should possibly have 
been made, especially on Jonathans. The spray dates follow: calyx, 
May 3; first cover, May 15; second cover, May 30; third cover, June 11; 
fourth cover, June 24; fifth cover, July 8; sixth cover, July 23, seventh 
cover, August 5th. In each plot where oil-lead was used the combi- 
nation was made only in the second, fourth and seventh covers, arsenate 
of lead alone being applied in the remainder. In plot 8 the nicotine-oil 
was used in the second to seventh covers and without a spreader. All 
other plots had 4 lb. of Kaso spreader per 100 gals. water except where 
oil-lead was used when Kayso was raised to % Ib. 

Table 5 shows very good control from all treatments in Bartlett pears, 
although the actual figures show lead to be the poorest, lead-oil next 
best and nicotine-oil the best. The Jonathan apples were heavily in- 
fested in the lead plot, lead-oil reducing the total worm work to almost 
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one-half and the nicotine-oil to one-third. All plots of Winesaps, except 
lead alone and nicotine-oil show 1% or less wormy apples and here 
the lead is only 2.4%. : 


TABLE 5. SUMMARY OF RESULTS ON THE COFFIN ORCHARD, SAWYER, WASH. 


Plot Treatment per 100 gals. Total No. % Wormy % Stung % Wormy 
No. Apples and Stung 


Bartlett Pears 


Lead (3 trees)! 1580 
Lead and Med. Oil,? 1 gal. in 

2nd, 4th and 7th covers (9 

trees) 3268 
Black Leaf 40, 34 pt. and Med. 

Oil, 1 gal. in last 6 covers (5 


Med. Oil, 34 gal. and lead 
Jonathan Apples 


Lead (4 trees) 5099 
Light Oil*, 1 gal. and Lead (4 
trees) 4356 
Black Leaf 40, 34 pt. and Med. 
Oil, 1 gal. (3 trees) 2681 
Winesap Apples 
Lead and Med. Oil, 1% gal. 


(3 trees) 
Lead and Med. Oil, 1% gal. 
(5 trees) 7.5 
Lead and Light Oil, 1% gal. 
(4 trees) 8: 14.9 
Lead (5 trees) 2. 28.9 
Lead & Light Oil, l gal. (4trees) 76 . b.: 17.1 
Lead and Med. Oil, 1 gal. 
(6 trees) . ‘ 14.7 
Black Leaf 40, 34 pt. and Med. 
Oil, 1 gal. (3 trees) 2. , 8.5 
Lead and Light Oil, 114 gal. 
(5 trees) 8 38 14.9 
Lead and Med. Oil, 3% gal. 
(4 trees) 6521 d 17.8 
1Lead was used each time at rate of 2-2/3 lbs. in 100 gals. water. 
2The medium oil used was Sherwin-Williams’ Summer Mulsion Medium-vis- 
cosity 72 Secs; sulfonation test 92%; oil content 83%. 
’The light oil used was Sherwin-Williams’ Summer Mulsion Light-viscosity 52 
Secs; sulfonation test 92%; oil content 83%. 


6.9 


COOPERATIVE EXPERIMENT WITH THE WASHINGTON STATE COLLEGE AT 
WENATCHEE, WASH. 


As supporting data for the five cooperative tests with oil spray manu- 
facturers, Prof. Spuler has kindly permitted the inclusion of a chart, 
given here as Fig. 8. Although it summarizes the results of only a part 
of Prof. Spuler’s work during the past season in comparing lead, lead-oil 
and nicotine-oil for codling moth control, it undoubtedly brings out in 
the briefest manner the most important results obtained. 


5 3.3 6.8 10.1 
7 

1.8 26 4.4 
8 

968 0.9 2.5 3.4 

| 
5 25.7 44.5 
6 

13.8 11.9 25.7 

9.8 44 14.2 
2 


72 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 23 


This chart represents graphically the number of codling moth worms 
in each 100U apples when lead alone, lead and oil combined, and nicotine- 
sulphate and oil combined were used in“the spray schedule. A calyx 
and six cover sprays were applied to each plot, lead alone being used 
where the combination sprays are not indicated. The plots were located 
in the State College experimental orchard at Wenatchee. The variety 
was Jonathan apples. Lead, 2 Ibs; Standard Oil No. 6, 34% actual oil 
(1% emulsion) and nicotine-sulphate (Black Leaf 4), % pt., each to 100 
gals. of water. 


For CooLiné COonTROz. 
(Chart by Anthony Jpvler) 


TREATMENT No. of Par 1000 APPLES 


187 ano 20 Covers 


tar ane 


Micorive- O12 
anal Ove: 


/87 ano Covers 
ano 6™ Covers 


Srv ane COVERS 


Fic. 8.—Codling moth data obtained at Wenatchee, Wash. 


The above table shows conclusively that either oil added to lead 
arsenate or the nicotine and oil substituted for the lead gives somewhat 
to considerably better worm control than a straight schedule of lead 
alone. Lead or lead and oil is much more beneficial when used in the 
earlier covers for first brood control and the nicotine and oil more so 
in the late covers for second brood control. Although the lead-oil gave 
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twice as good worm control when used in the last two covers as did the 
nicotine-oil the amount of arsenical residue present was considerable. 
It is felt, therefore, that the nicotine-oil product is by far the more 
practical of the two. 


NICOTINE ANALYSES 


An attempt was made to determine the amount of nicotine deposited 
upon sprayed trees when combined with oil emulsions and the length of 
time the nicotine persisted. Because of easier handling, foliage rather 
than fruit was used. Four hundred leaves were collected each time from 
each of nine plots in Professor Spuler’s experimental orchard at Wen- 
atchee. These were placed at once in air-tight tins and shipped to 
Richmond, Va., for analysis by Mr. R. B. Arnold, Chief Research 
Chemist for the Tobacco By-Products & Chemical Corporation. The 
samples were taken at intervals of one or two days and a week to ten days 
after each application and the amount of nicotine present determined 
quantitatively. This is the first time, to the writer’s knowledge that 
such analyses have been attempted. Due to several possible varia- 
tions, especially in taking the samples, the results were not entirely con- 
clusive. Without going into the several details of the spray schedules 
used, dates of applications, temperatures, etc., it may be stated that 
some building up of the nicotine residues occurred after two or more 
sprays in succession. This was particularly apparent from the time of 
the fourth cover spray (made July 1) thru the fifth cover and sixth 
(final) cover. Analyses made on several of the plots at four intervals 
following the final spray then clearly showed the gradual dissipation 
of the nicotine residues in a thirty-one day period. 

Previous laboratory experiments carried out by Mr. Arnold showed 
that when Black Leaf 40 was mixed with summer oil emulsions the 
nicotine persisted for an appreciably longer time than when it was used 
alone. More work should be done along the line of nicotine residues as a 
check on control obtained and upon methods for holding the nicotine 
on the tree for a longer period. 


CONCLUSIONS 


All those involved in the carrying out and in the interpretation, 
based on knowledge of actual conditions, of the above five tests feel 
that the results obtained with the nicotine-oil combination were satis- 
factory from the standpoint of pest control. These results substantially 
duplicate those obtained during the two previous seasons. In making 
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this statement, it should be borne in mind that the tests this past season 
were made rather on a commercial scale than on a strictly small test-plot 
basis, that the”’season was one of unusually severe worm activity and 
that in several of the tests spraying was possibly stopped too soon. 

Although codling moth was the most important factor in all but one 
or possibly two of the orchards used, other pests, especially rosy aphis 
‘and orchard mites were a considerable factor in the final pack-out and 
consequently in the net returns received by the grower. It was felt by 
the owner of each orchard that the nicotine-oil combination more than 
justified its use. 

Considering also the strictly comparative results obtained by official 
workers, such as Mr. Newcomer and Prof. Spuler during the past season, 
as well as the experience of practical growers, it should be stated that 
nicotine-oil undoubtedly gives considerably better results when used 
only in the last two or three covers than when used in all cover sprays or 
in the early ones only. It would seem that it would be best for most 
growers to start the season with a spray or two of lead, followed by an 
application or two of lead-oil, completing the schedule with two or 
possibly three of nicotine-oil. Such a schedule would of course have to 
be modified somewhat to fit local conditions. It would seem, however, 


from present indications, to be the most efficient for the control, not 
only of worms and stings and the other major apple pests, but also the 
most economical from the standpoint of net returns to the grower. 
In the future, the trend of further experimental work in the Northwest 
will undoubtedly be along the line of such a combined spray schedule 
and it is expected that many more growers will adopt a lead, lead-oil, 
nicotine-oil schedule next season. 


Mr. J. J. Davis: May I ask the percentage of nicotine used? 


Mr. M. D. LEonarp: In most cases, one-half a pint of Black Leaf 
40 per 100 gallons; in some cases, three-quarters of a pint. There is 
some evidence to show that where the nicotine is increased in strength 
you might expect a little better control, but apparently where used in 
standard brands of summer oils approved by growers in the Northwest 
a half pint of Black Leaf 40 will do it. That is all we use except one 
commercial nicotine oil spray. The oil apparently tends to tie up the 
nicotine and slow down its action, and hold it there over a long period. 


Mr. R. H. Situ: I would like to ask what results have been obtained 
in using algaenate, glycerin and Karo syrup with nicotine sulphate 
for the purpose of reducing the volatility of the nicotine. 
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Mr. M. D. Leonarp: We experimented in cooperation with Pro- 
fessor Spuler on nicotine and glycerin, and nicotine and Karo syrup. 
Preliminary experiments showed that Karo syrup and glycerin partic- 
ularly tied up the nicotine very tightly. It slowed it down very con- 
siderably. We thought the nicotine film would remain over a long 
period, but the effect on fruit was such that it was not so good, and I 
think commercially that it can be forgotten. Mr. Newcomer had some 
tests with that. 

The nicotine algaenate didn’t pan out quite so well in the control 
as far as I can remember. In other words, although we tried nicotine 
and sugar, nicotine algaenate with Karo syrup, and so forth, we have 
come to think that the practical mixture is with the summer oil. 

PRESIDENT T. J. HEADLEE: The next paper is by R. B. Neiswander 
and L. A. Stearns. 


CERTAIN FACTORS INFLUENCING ORIENTAL FRUIT MOTH 
INFESTATION 


By R. B. Netswanper and L. A. STEARNS 
ABSTRACT 

Statistical interpretation of data accumulated in experimental orchard spraying 
in Ohio during 1929 for control of the Oriental Fruit Moth (Laspeyresia molesta 
Busck) indicates that peach tree vigor as evidenced by twig length and weight is 
distinctly correlated with the number and per cent of injured twigs; furthermore, 
that a similar correlation exists between total fruit and the number and per cent of 
visibly injured fruit. Such influencing factors should be given adequate considera- 
tion in planning and in evaluating the results of control endeavors. 

While recording Oriental Fruit Moth injury to peach twigs during the 
past two seasons it has been observed that trees in a high state of vigor 
seemed to be more severely injured than slowly growing trees. This 
suggested the possibility that growth conditions might influence de- 
cidedly the degree of injury and thus affect the results obtained from 
different insecticides if varying growth conditions exist among experi- 
mental plots. It seemed desirable, therefore, to make linear and weight 
measurements of twigs of the current season’s growth in order to de- 
termine a possible correlation between vigor and Fruit Moth injury. 

In experimental orchard spraying during the season of 1929, 20 half- 
acre plots of the Elberta variety were treated with different combi- 
nations of hydrated lime and other insecticides. One plot in this series, 
which showed representative variation in the number of injured twigs 
per tree as well as in the degree of vigor of the several trees of the plot, 
was selected for a study of the correlation of vigor with injury. The 
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total number of injured twigs on each of the 24 trees in this plot was 
recorded in determining first brood twig injury. Measurements were 
made on July 22, but a few days after the twig injury counts had been 
recorded. The linear measurements of 50 twigs selected at random 
from all sides of the tree were secured; 25 were removed, and their 
weight was determined. The data obtained are summarized in Table 1. 


TABLE 1. ToTtTaL NuMBER OF INJURED TwiGs, AVERAGE TwiG LENGTH AND 
Tota, TwiGc WEIGHT. 


Number of Average Twig Length Total Twig Weight 
Injured Twigs in Inches in Ounces 
7.0 


ONS? 


9 
7. 
6. 
6. 
6. 
6. 
5. 
5. 
4. 
6. 
4. 
4. 
5. 
4. 
3. 
3. 
3. 
4. 
3. 
3 
3. 
3. 


It will be observed from an examination of Table | that the corre- 
lation between the total number of injured twigs per tree and the average 
length of such twigs is quite close. The correlation coefficient was 
found to be .7744 (Figure 1—a). The odds calculated from the formula 

r 
t =V1—r? xV/n’—2 as given by Fisher' are over 3,000,U00 to 1 that the 
correlation is significant. The correlation coefficient between twig 
injury and twig weight as shown in Figure 1—b was found to be .7221 
with the odds being: 1,999,999 to 1 that the correlation is significant. 

While making these measurements it was noted that a few of the trees 
which were apparently growing most rapidly were.smaller than the 
average for the plot and consequently had a decreased number of grow- 
ing twigs with a correspondingly reduced twig injury. Because of this 


'R. A. Fisher—Statistical Methods for Research Workers, p. 159. 
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observation, ten trees varying greatly in size were selected and the per- 
centage of injury for each tree obtained by recording the number of 
injured twigs in a total of 500 twigs chosen as follows: 100 on each 
of four sides and 100 in the top. These data are presented in Table 2. 


TABLE 2. AVERAGE TWIG LENGTH AND PERCENTAGE OF INJURY 
Percentage of Injury Average Twig Length in Inches 
33.5 
28.0 
23.3 
19.2 
16.6 
15.0 
13.4 
11.4 
10.0 
3.0 


In this case, the correlation coefficient between average twig length 
and the percentage twig injury was found to be .8475 with odds of over 
1,428 to 1 that the correlation is significant. (Figure 11.) 

An effort was also made to determine a possible relationship between 
the size of the crop and the degree of visible fruit injury. The pertinent 
data are summarized in Table 3. The total number of peaches in each 


of the 20 plots has been correlated with the percentage and the number 
of visibly injured fruit (Figure 9-13), correlation coefficients of—.7674 
and .S981, respectively, being obtained with the odds in each instance 
over 10,000 to 1 that the correlation is significant. 


TABLE 3.—ToOTAL NUMBER OF PEACHES, NUMBER VISIBLY INJURED AND 
PERCENTAGE OF VISIBLE INJURY. 


Total Number of Peaches Number Visible Injured Percentage Visible Injury 
3090 S87 
2717 1050 

*2572 832 
2542 974 
2475 634 
2381 617 
1874 641 
1866 584 
1785 714 

951 
696 
689 
472 
412 
570 
315 
291 
203 
128 
128 
*Identical treatments. 
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There is an apparent indication in the data presented that either more 
moths are attracted to the more rapidly growing trees and likewise to 
trees with greater quantities of fruit for oviposition or that more larvae 
survive and establish themselves in the twigs and fruit of such trees. 

It seems probable that the larger the crop of fruit the less will be the 
percentage of injury but the greater the number of injured fruits. 
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The infestation in a light crop of peaches cannot be compared, there- 
fore, with the infestation in a full crop either on the basis of the per- 
centage of visible injury or on the basis of the total number of injured 
fruits since both vary with the size of the crop. 

In conclusion, it may. be said that there is not only a positive but a 
decisive correlation between (a) tree vigor and twig infestation, (b) 
quantity of fruit and number of fruit injured, and (c) an inverse corre- 
lation between quantity of fruit and percentage of fruit injured. 


PRESIDENT T. J. HEADLEE: The next paper is by L. A. Stearns and 
R. B. Neiswander. 
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HYDRATED LIME IN SUMMER SPRAYS FOR THE CONTROL OF 
THE ORIENTAL FRUIT MOTH 


A SECOND REPORT 
By L. A. STEARNS and R. B. NEISWANDER 
ABSTRACT 


The results of laboratory tests and of both cooperative and experimental orchard 
spraying conducted in Ohio during 1929 substantiate the preliminary data of 1928 
and emphasize further the belief that a probable summer control of the Oriental 
Fruit Moth (Laspeyresia molesta Busck) may result thru a succession of early season 
sprays which will include hydrated lime or some like material acting as a physical 
or mechanical hindrance to oviposition, hatching and larval entry. 


In a preliminary paper,' the authors discussed the results of laboratory 
tests and orchard spraying experiments conducted in Ohio during 1928 
which indicated that heavy applications of hydrated lime either alone or 
in combination with insecticides offer promise as a control for the Orien- 
tal Fruit Moth. Such sprays act as a physical or mechanical hindrance 
to oviposition, hatching and larval entry. 

Summer laboratory studies were continued and expanded in 1929, 
21000 moths and 47000 eggs and larvae being employed in repellency, 
ovicidal and larvicidal tests conducted under both normal and con- 
trolled conditions of temperature and humidity. 

The results in general substantiate those reported previously. A 
heavy hydrated lime spray (15-40 Ibs. to 50 gals.) was effective as a 
repellent to oviposition (56-82 per cent), as an ovicide (10-28 per cent) 
and as a larvicide (15-S7 per cent). Summer oils (2 per cent strength) 
showed corresponding efficiencies of 84, 99 and 76 per cent, respectively. 
The hydrated lime-summer oil combination, as compared with hydrated 
lime alone, proved much less effective as a repellent to oviposition (28 
per cent), more highly effective as an ovicide (97 per cent) and about 
equally effective as a larvicide (71 per cent). 

Eleven tons of hydrated lime and two tons of talc were employed in 
cooperative and experimental spraying and dusting during 1929. The 
hydrated lime, of high calcium content (CaO(Total), 73%; MgO 
(Total), .7%) and with 96 per cent passing thru 300 mesh, was the 
Bald Eagle Hydrate brand of the American Lime and Stone Com- 
pany, Bellefonte, Pa. The 325 mesh talc was secured from the W. H. 
Loomis Talc Corporation, Gouverneur, N. Y. 

‘Stearns, L. A., and Neiswander, R. B. Hydrated Lime in Summer Sprays for 


the Control of the Oriental Fruit Moth—A Preliminary Report. Jour. Eco. Ent., 
22:4, August, 1929, pp. 657-660. 
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Continued observations of the early seasonal development of this 
insect have shown that maximum emergence of the spring brood of 


moths normally coincides with petal fall of the peach, its preferred host. 
This fact and the standard spray and dust treatments for peach in 
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Ohio were considered in formulating the tentative control schedule 
for 1929 presented in Table 1. 


TABLE 1.—TENTATIVE SPRAYING AND DusTING SCHEDULE, ORIENTAL FRUIT 
Mors Controi, Onto, 1929. 


Materials 
Brood Application Time Spray Schedule Dust Schedule 
(Seven Cooperators) (Two Cooperators) 
1 Bloom Off Hydrated Lime 15-50 Talc 
Hydrated Lime 25-50 Talc 
2 Shuck-Split Fish Oil 6 oz.—50 (80-10-10) 
(Standard* (Sulfur-Lime 12 %-50) 
Treatment) (Lead Arsenate 114-50) 
1 3 1 Week Later Hydrated Lime 15-50 Tale 
4 Hydrated Lime 15-50 Talc 
(Standard* 2 Weeks Later (Sulfur-Lime 6 %4-50) (80-10-10) 
Treatment) (Lead Arsenate 1%-50) 
5 3 Weeks Later Hydrated Lime 15-50 Talc 
6 5% Weeks Later Hydrated Lime 15-50 Talc 
Volck 1 gal.—50 
2 7 6% Weeks Later Hydrated Lime 15-50 Tale 


Volck 1 gal.—50 
*Standard Treatment Materials in Parenthesis. 
Preharvest spray or dust optional. 


Eight representative peach growers in southern, central and northern 
Ohio, whose combined interests comprise some 200 acres of fruit, with 
varying severity of infestation, were secured as cooperators. By agre- 
ment, these cooperators recorded daily emergence of the spring brood of 
moths in standardized hibernation cages in their respective orchards, 
sprayed or dusted under supervision and in accordance with the schedule 
and with the materials furnished by the Ohio Station and summarized at 
the conclusion of the season their frequently recorded observations. 
Data relating to fruit infestation was secured by the authors at harvest. 

Notwithstanding the exceptional and pronounced unfavorable 
weather conditions (excess precipitation range, 0.08 to 5.84 inches; 
average, 1.41 inches) (temperature deficiency range, 3.4 to 13.0 degrees; 
average, 5.8 degrees) prevailing during both the spraying and preharvest 
periods, from 25 to 56 per cent reduction in visible infestation was 
secured thru spraying. The complete records are summarized in Figure 15. 

The 7-application tale dust schedule comparable with the 7-appli- 
cation hydrated lime spray schedule gave no better control than the 
usual two applications of dust, which in turn proved inferior to the sim- 
ilar two applications of spray. 

In general, the infestation was less severe in the cooperative than in 
neighboring orchards and the larger the area treated the higher the 
degree of control. No difficulty was experienced due to the quantity 


The growth 


ITTIASINONLS 
SINIONOH TUM 


INGE 


=—t 


— 


NI) 
wer LNIWLVIAL 


JOURNAL OF ECONOMIC ENTOMOLOGY 


| ALI7VI07 


4 


v 
= 
v 
~ 
~ 
o 
° 


and character of the materials employed. No spray residue of an un- 
Fic. 15.—Summary, Experimental Spraying, Oriental Fruit Moth Control, Ohio, 1929. 
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appeared more healthy, larger and deeper green in color. Other insect 
and disease troubles were noticeably less. There was apparently 
better set of fruit on the limed trees and the increase in crop due to the 
larger size of the fruit was evident without actually measuring the yield. 
Post-harvest observations indicate increased fruit bud formation. 

In experimental spraying, sixteen variations of the tentative control 
schedule furnished cooperators were followed out by the authorsem- 
ploying half-acre plots in an eight-year-old, cultivated Elberta orchard 
in a vigorous condition of growth. In planning the experiment, the uni- 
formity of the experimental area was studied in respect to topography, 
direction of prevailing winds, planting irregularities, difference in growth 
conditions, variation in crop, et cetera, and the effect of these possible 
influencing factors guarded against by replication of certain treatments 
and by adequate checks. Records of both twig and fruit infestation 
for each tree were secured. 

Untreated areas showed a visible infestation of 42 per cent, an ad- 
ditional infestation of supposedly clean fruit amounting to 26 per cent 
and a total infestation of 58 per cent.. 

Although still maintained, the sequence in reduced twig injury for 
plots treated with increasing amounts of hydrated lime was less pro- 
nounced in decreased fruit infestation at harvest. In Figure 14, the 
percentages of variation for the several treatments are expressed graphi- 
cally in relation to the least effective of the hydrated lime (alone) series 
to which has been assigned the arbitrary value of zero. 

The results indicate a possible greater effectiveness with either a 7- 
application schedule of hydrated lime increased thruout from 15 to 25 
pounds to 50 gallons of water or a 5-application schedule (at increased 
rate) (applications 1 and 5 omitted) with an adequate-spreader and 


sticker included in applications 2, 3 and 4. 
PRESIDENT T. J. HEADLEE: Next is a paper by W. P. Yetter. 


STUDIES OF BAIT TRAPS FOR THE ORIENTAL FRUIT MOTH 
IN SOUTHERN INDIANA IN 1929 
By W. P. YetrTer, JR., Associate Entomologist, Deciduous Fruit Insect Investigations, 
U. S. Bureau of Entomology, Vincennes, Ind. 
ABSTRACT 
The work in southern Indiana with baits for the oriental fruit moth (Laspeyresia 
molesta Busck) has thus far been of a preliminary nature hut the results point to 
certain possibilities. Various aromatic chemicals when used in solutions of blackstrap 
molasses or granulated sugar gave good catches. Boiled peach juice shows promise. 
The use of a screen of 14-inch mesh over the mouth of the bait promises to make 
these traps more efficient. 
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Preliminary work this past summer (1929) in southern Indiana! with 
oriental fruit moth baits has given some very interesting and encourag- 
ing results, in fact good enough to warrant giving this phase of control 
further consideration. 

Starting June 27, which was well along in the season, with 62 wide- 
mouth quart jars of the Kerr type (Plate 1, B) and later increasing the 
number to 74, the writer was able to trap, by September 30, 16,906 
oriental fruit moths. The traps were hung on poles and placed near the 
center of the peach trees, as shown in Plate 2. The baits in which the 
stock solutions were of sugar or of molasses were placed in trees of the 


TABLE 1.—ORIENTAL Fruit Motus CAUGHT IN THE MOLASSES-SOLUTION SERIES 
or Baits DuRING THE SUMMER OF 1929. VINCENNES, INDIANA 


Description of Solution 
Each trap contained 1 quart of 10 per i Total Average 
cent molasses plus 90 per cent water, Duration of Moths per Trap 
by volume, with 1 cubic centimeter of Test Caught per Day 
one of the following: 
708 

Benzyl cinnamate d 519 
Diethyl phthalate 418 
Methyl cinnamate 364 
Bromo styrol!' j 1379 
Citronellal July 17-Sept. 30 

June 27-Sept. 30 

do 

Ethyl propionate, Tech . .. July 17-Sept. 30 
10 per cent molasses solution alone! . .. June 27-Sept. 30 
Diphenyl oxide 
Benzyl phenyl acetate 


Methy! salicylate 

Iso butyl acetate C. P 
Benzyl propionate 
Terpineol 

Ethy! oeanthate 
Amy] oeanthate 


Iso butyl phenyl acetate 

Amy! salicylate ‘ 
1Unfortunately the data for this bait were not recorded as from the individual 

traps but from them collectively. 


Hiley and Carman varieties. The Carman peaches were harvested the 
last of July and the Hileys, August 7. The traps containing peach juice 
were placed in a near-by block of Hales on August 23 after the crop 
had been harvested. 


1The investigations on which this paper are based were conducted at the field 
laboratory maintained at Vincennes, Indiana, by the U. S. Bureau of Entomology, 
under the general supervision of Dr. A. L. Quaintance and in cooperation with the 
Purdue University Agricultural Experiment Station. 


Saf fede do do 155 1.63 
do do 132 1.39 
do do 103 1.08 
do do 96 1.01 
do do 89 .93 
do do 73 
Et do do 66 .69 


Plate 1 


A—Screen cover for bait trap for capturing B—Glass bait trap with bale 
oriental fruit moth. and screen cover. 
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Glass containers of the Kerr type are preferred by the writer to the 
enameled stew-pans or painted metal ones; first, because evaporation is 
slower; second, because no chemical reaction between the materials 
used and the container takes place; third, because they offer more re- 
sistance to the wind, which means less loss of liquid through swaying; 
and fourth, because they are less awkward to handle. 

One trap was used to a tree and, unless otherwise indicated, each 
material was used in one trap only. 

A stock solution consisting of 1 part of blackstrap molasses and 9 
parts of water, by volume, was used in one series of baits, as will be 
seen in Table 1. One cubic centimeter of the chemical used was added 
to each quart of stock solution. The chemicals showing the most 
promise in this stock solution are, in order of the numbers of moths 
caught, as follows: citral, benzyl cinnamate, diethyl phthalate, methyl 
cinnamate, bromo styrol, and citronellal. The stock solution alone did 
very well. 


TABLE 2.—ORIENTAL FrRuIT Motus CAUGHT IN THE SUGAR-SOLUTION SERIES 
OF Baits DURING THE SUMMER OF 1929. VINCENNES, INDIANA. 


Description of Solution 


Each trap contained 1 quart of water Kind Total Average 
plus 3 ounces of granulated sugar with Duration of of Moths per Trap 
1 cubic centimeter of one of the follow- Test Trap Caught per Day 
ing: 
June 27-Sept. 30 1 jar 575 6.06 
do 4jars 1937 5.10 
Sugar solution alone'................ do 2 jars 705 3.70 
Ethyl oeanthate................. ae do do 292 3.07 
Iso butyl phenyl acetate............. do do 270 2.84 
do do 267 2.81 
do do 261 2.75 
do 4 jars 912 2.40 
do 1 jar 228 2.40 
Bensyl propionate... ............... do do 201 2.12 
Benzyl phenyl acetate............... do do 200 2.10 
Methyl salicylate. .............. do do 182 1.92 
Ethyl propionate, Tech............. July 17-Sept. 30 1 pan 163 1.72 
do do 127 1.34 


1Unfortunately the data for this bait were not recorded as from the individual 
traps but from them collectively. 


In another series (Table 2) a stock solution consisting of 3 ounces of 
granulated sugar in each quart of water was used. One cubic centimeter 
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of the chemical used was added to each quart of stock solution. The 
chemicals showing the most promise in this solution are, in order of 
the numbers of moths caught, as follows: methyl cinnamate, bromo 
styrol, benzyl cinnamate, ethyl oeanthate, iso butyl phenyl acetate, 
and diphenyl oxide. The two jars containing sugar solution alone 
captured sufficient moths, however, to place this solution in efficiency 
between bromo styrol and benzyl cinnamate in the foregoing list of 
chemicals. 

A number of tests have shown that a screen of %-inch mesh placed 
over the mouth of the trap is largely responsible for an increased catch 
of oriental fruit moths. This screen is coarse enough to admit the 
moths but fine enough to exclude large insects which would otherwise 
fill the trap. These wide-mouth glass jars are obtainable with 2-piece 
tin lids consisting of a screw top and a disk. When the jars are to be 
used for trapping the disk is replaced by a circular section of the screen 
(Plate 1, A) which is held over the mouth of the trap by screwing down 
the top. 


TABLE 3.—ORIENTAL Fruit Motus CAuGuHT IN Baritep TRAPs TESTED 
With AND WitHout ScREEN OveR THE Moutn, From JuLy 23 
TO SEPTEMBER 30, 1929, VINCENNES, INDIANA 


Description of Solution 


1 quart of water plus 3 ounces of Kind Total Average 
granulated sugar with one cubic centi- Duration of of Moths per Trap 
meter of one of the following: Test Trap Caught per Day 
Bromo styrol, in trap with wire screen 

“ae ee July 23-Sept. 30 1 jar 407 5.89 
Bromo styrol, in trap without wire 

screen over mouth................ do do 184 2.66 
Methyl cinnamate, in trap with wire 

screen over mouth................ do do 307 4.44 
Methy! cinnamate, in trap without wire 

do do 277 4.01 


In the tests reported in Table 3 the screens increased greatly the 
catch of oriental fruit moths in the case of bromo styrol and increased 
it slightly with methyl cinnamate. 

Peach juice made from 20 pounds of fresh peaches boiled for one 
hour in 5 gallons of water gave excellent results (see Table 4) where 
used at the rate of 1 part, by volume, of the juice to 3 parts of water, 
with 3 ounces of granulated sugar added to each quart of solution and 
with a wire screen of '4-inch mesh placed over the mouth of the trap. 
Where either the sugar or the screen was omitted, the catch was poor. 

The peach traps with screens caught three times as many oriental 
fruit moths as those with no screens. The traps with screens and sugar 
caught more than four and one-half times as many moths as those with 
sugar but no screens. 
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TABLE 4.—ORIENTAL Fruit Motus CaAuGut IN Baits 
TEstTeED WITH AND WITHOUT SCREENS AND SUGAR FROM AUGUST 23 
TO SEPTEMBER 30, 1929, VINCENNES, INDIANA 
Kind Total Average 


Description of solution Duration of of Moths per Trap 
Test Trap Caught per Day 
B. P. J., 1-3,! in trap with wire screen 
Aug. 23-Sept. 30 3 jars 46 0.40 
B. P. J., 1-3, in trap without wire 
do do 15 0.13 
B. P. J., 1-3, plus 3 ounces of sugar, in 
trap with wire screen over mouth... do do 575 5.04 
B. P. J., 1-3, plus 3 ounces of sugar in 
trap without wire screen over mouth do do 124 1.08 


1B. P. J., 1-3 =Boiled peach juice 1 part to 3 parts water by volume. This peach 
juice was made by boiling 20 pounds of fresh peaches in 5 gallons of water for one 
hour. The liquid was then drained off and placed in a wooden barrel. The peach 
pulp was squeezed in a tight sack and the thick fluid acquired was then added to the 
liquid first obtained. 

It is firmly believed that the bait trap still has possibilities in the 
control of the oriental fruit moth and is worth following up, especially 
since there is no effective insecticide control measure. There is a strong 
possibility of finding a bait more attractive than ordinary molasses or 
sugar solution, as indicated by the large numbers of moths caught with 
certain combinations of aromatic and sugar or molasses solutions, as 
well as with boiled peach juice and sugar solution. As traps the glass 
containers have advantages over the enamel stew-pans or painted metal 
ones, and the use of a screen over the mouth of the traps promises to 
make them more efficient. 

Mr. J. J. Davis: May I ask permission to make a few remarks 
regarding the Oriental fruit worm, but not bearing on the last paper? 

At the request of Dr. Allen, we did submit a title for the program 
but too late to be included, but at his suggestion I should like to make a 
few remarks regarding the artificial introduction of one of the Oriental 
fruit worm parasites in Indiana. 

Through the courtesy of Dr. Allen and other members of the River- 
ton, N. J. laboratory, we collected several thousand infested peach 
twigs the latter part of May this past year. From that collection, 
we reared something over 500 specimens of Macrocentrus ancylivora, 
the parasite which has proven very efficient in the control of the Oriental 
fruit worm in New Jersey. According to our records, we had never 
reared it in Indiana, and had reason to believe that it was not present, 
at least not in the area where the parasites were liberated. 

The 500 parasites were liberated in an orchard near Vincennes, the 
latter part of June, and weekly collections and records were made by 
Mr. L. F. Steiner. A summary of the results are somewhat as follows: 
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At a distance of 500 feet northeast of the released area, we obtained, 
by the end of the season, a maximum of 10.8 per cent parasitism; 
150 feet northeast of the released area, 55.9 per cent parasitism; 400 
feet southwest of the released area, 58.1 per cent parasitism; 1000 feet 
southwest of the released area, 43.3 per cent parasitism. 

In this connection, I might say that the prevailing winds were from 
the southwest so that the spread seemed to be against the wind. 

I mention these facts simply to show the possibility of artificial 
introduction of this particular parasite and possibly others, and we 
hope we may be able to continue this work another season. 

I might add that Dr. Allen sent us parasites later in the season, late 
in August, and these parasites were released near Mitchell, Indiana, 
but they were released too late to secure any result on the degree of 
twig parasitism. 

PRESIDENT T. J. HEADLEE: The experience of Professor Davis with 
Macrocentrus ancylivora is also duplicated in infested areas where the 
parasite is already present. Even under such conditions, an artificial 
introduction during the current year has given a material increase in 
parasitism. 

Mr. L. Haseman: We are interested in the western movement of 
this moth and in the control measures used by growers in Illinois and 
Indiana. Is it possible to make any prediction as to how serious it is 
likely to become in an apple growing section where peach growing is of 
no consequence? I would like to know what the observations of the 
men to the East show regarding this. 

Mr. W. P. Fiint: For the past three years in the southern part of 
Illinois, we find where apple and peach orchards adjoin we get a very 
serious infestation of the apple from this fruit moth. We get some 
infestation in apple twigs. Where apple orchards are removed as much 
as a quarter of a mile we haven’t had any trouble so far. 


PresipeNt T. J. Heapiee: Our experience with this particular 
problem indicates that where peach and apple trees are interplanted, 
or stand adjacent, there is a transposition of the Oriental fruit moth, 
or peach moth, to the apple, but that transposition with us is late in 
the season. The early fruit does not seem to be troubled in New Jersey; 
the late fruit is, infestation occurring as late as October, the young 
worms being sometimes carried into storage. It is perfectly controllable, 
however, on apple by such methods as were shown here with the oil 
pyrethrum or the nicotine tannate. 
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Mr. P. J. Parrott: I should like to ask a question in regard to these 
bait traps. Have any of the men working with bait traps any idea of 
the approximate number of moths you have to entrap in order to derive 
benefit as shown by the degree of freedom of the fruit from injury or 
the rate of infestation? 

Mr. W. P. Yertrer: We hope to find a solution to that question by 
large scale work. So far, we can’t answer it. 

PRESIDENT T. J. HEADLEE: We will now hear a paper by Leonard 
Haseman. 


OBSERVATIONS ON A NEW APPLE MINING CATERPILLAR IN 
MISSOURI 


By LEONARD HASEMAN, Columbia, Mo. 
ABSTRACT 


This small maggot-like caterpillar of the genus Carposina has been doing some 
damage to apples in Central Missouri during the past two years. Observations on 
its distribution, life cycle and habits, and its presence in great abundance in the 
native red haws (Crataegus) are included. 


In the fall of 1928 fruit growers in the commercial apple growing 
section around Waverly, Missouri sent to the department of entomology 
samples of apples, which showed a new type of injury. A trip toWaverly 
was made at once to secure breeding material and information on the 
distribution of the pest and the conditions in and around the infested 
orchards. The writer was struck by the close resemblance of the small 
white caterpillar to the one he had repeatedly taken in red haws around 
Columbia late in the fall. Samples of the worm were preserved and sent 
to the Bureau of Entomology for determination and Mr. Heinrich iden- 
tified it as a species of Carposina. The caterpillars collected late in the 
fall of 1928 became fulfed but failed to transform to the moth stage, so 
its specific identity is still unknown. The amount of damage done to the 
1928 crop was small and no reports of the work of the worm were re- 
ceived from any other part of the State. 

During the summer of 1929, through the cooperation and financial 
assistance of the fruit growers of the Waverly district and the Missouri 
Pacific Railroad, a temporary laboratory was established at Waverly, 
partly to assist with the control of the serious outbreak of codling moth 
and partly for the purpose of studying this new apple worm. The work 
was closed out the first of August and up to that time no signs of the new 
worm were observed. By the latter part of August, however, its work 
was again in evidence. Additional breeding material was collected at 
Waverly and at Columbia and a considerable number of the fulfed 
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worms have spun their small spherical cocoons and it is hoped that 
moths will emerge from these next year. 

DistriBuTION. During the fall reports received from fruit growers 
and county agents and observations by the writer have shown that the 
worm is not confined to the Waverly area in Central Missouri. It was 
common at Columbia and in the Kansas City and St. Joseph areas. 
The writer found no evidence of it this fall in Southwest Missouri where 
limited observations were made. Members of the Bureau of Ento- 
mology reported its occurrence at several points in West Central and 
Northwest Missouri and in Northeastern Kansas. Inspectors of the 
Missouri State Board of Agriculture have also done considerable scout- 
ing work and found it at several points in the western and northwestern 
part of the State. A fruit dealer in Kansas City claimed to have re- 
ceived a badly infested shipment of fruit from Colorado. It seems evi- 
dent from these records that the worm is quite widely distributed in 
apple growing areas in Missouri and in Kansas. 

Fruits ATTACKED. Some growers claim that it is partial to Jona- 
thans and Grimes Golden, while others report it especially on the In- 
gram. It feeds also in Gano and in the laboratory seems to develop 
normally in various varieties of apples, also in the fruit of a foreign crab- 
like pome. As mentioned previously, the caterpillar resembles one 
found abundant late in the fall in the native red haws. Mr. Heinrich 
recently identified this haw caterpillar also as a species of Carposina. 
Immature worms from haws collected the middle of November when 
transferred to apple continued to feed and caused the characteristic 
minelike injury. The fulfed worms have also spun identical spherical 
cocoons in the breeding jars. That the two caterpillars are identical 
and that the pest is going over from the native haws to the apple seems 
certain, but it will be necessary to rear the moths for specific determi- 
nation before we can be sure. 

NATURE AND Extent or Injury. The injury to apple caused by 
this caterpillar begins as a dark spot which later extends as a slender 
dark streak around under the peeling. It may run halfway around the 
apple, or it may be only an inch long. The small worm enters the fruit 
at the head of the serpentine mine or tunnel. After traveling about for 
a time it usually begins to eat out a conspicuous blotch mine immediate- 
ly under the peel. The peel dries out, turns brown, and in time may 
become wrinkled and cracked. As the worm approaches maturity it 
often goes deep in the pulp working about the core. It may leave the 
fruit when fulfed through the mine, or it may cut a new tunnel to 
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the surface, often at the calyx end. The worm in red haw mines out 
all the pulp, leaving only the dry peel and the seeds. In the breeding 
jars a worm may feed in two or more haws before it is fulfed. In the 
haw it throws out a conspicuous pile of spherical brown pellets of ex- 
crement. In the case of apple, this expulsion of the excrement is not so 
evident, much of it being left in the tunnel. 

The injury eventually causes the fruit to rot. Unfortunately, most 
of the damage is done after the winter apples are picked and stored, 
the grower not being able to detect the very early work while culling the 
fruit. Jonathans picked, wrapped and stored in a fruit cellar about 
the middle of September showed no signs of the worm, though two 
months later several apples showed the typical injury. Within half a 
mile of this home orchard the writer collected two gallons of badly 
infested haws. 

GROWTH AND DEVELOPMENT OF THE LARVA. The earliest evidence of 
this pest this year showed up in late August and half-grown worms were 
taken in haws as late as November 15. Fulfed worms emerged from 
stored apples as late as the first week in December. In the breeding 
jars kept in the warm laboratory the last worms emerged the first of 
December from the haws collected November 15. The past fall in 
Central Missouri was abnormally late, the first real severe frost not 
occurring until early in November. Under these conditions the pest, no 
doubt, was able to breed later than usual, but this year egg laying must 
have continued well into October. The very young worms under labo- 
ratory conditions become fulfed in from four to six weeks. 

Thus far the pupa, moth and egg stages have not been observed and 
it is not possible to say whether or not there is more than one genera- 
tion of the insect a year. It would seem, however, from observations 
begun in the fall of 1928 that the insect is single brooded and that ovi- 
position may continue from sometime in August until well into October. 

Larva. The larva is a white maggot-like caterpillar with very short 
prolegs. Its slow movements resemble those of a maggot and, when in 
motion, it is shaped like a maggot with its hind segments much larger. 
When at rest, or in case of dead specimens, this is less noticeable. It is 
quite transparent and the reddish-brown food content of the stomach 
is very prominent in live specimens. A seta-map of Carposina fernal- 
dana is given by Dr. W. T. M. Forbes in his “Lepidoptera of New York 
and Neighboring States,”’ fig. 293, page 514, and he states that the 
Carposinidae have a mixture of characters of the Tineids, Tortricids, 
and Pyralids. 
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Cocoon. When fulfed, the worm is about a centimeter long. After 
leaving the fruit it crawls about in the breeding jar for a time, spinning 
much silk as it crawls. It then burrows just beneath the surface of the 
sand or soil where it prepares a tough spherical cocoon of brown silk. 
The cocoon has sand grains or soil attached to its surface. It is about 
five millimeters in diameter and the worm inside is found to be curled 
so that the head and hind segments meet. From present information, 
it would seem that the transformation to the moth stage does.not occur 
until the following fall. Considering the lateness of the maturity of the 
worms in the fall, the winter must be passed in the larval stage. 

ConTROL. It is impossible at this time to predict how important the 
pest may become in the future. If it continues to attack apples and 
increases in abundance, it is sure to become a very serious pest. With 
its late fall oviposition after all spraying work is done, control by spray- 
ing seems out of the question. If it is merely a native haw worm which 
is developing an appetite for apple, in time it may let up, but in case it 
does not the destruction of all haws in the vicinity of apple orchards 
should put an end to its destructive work. Those worms which develop 
in apples are largely removed from the orchard and disposed of with the 
fruit, so that without wild haws in which to carry over naturally the pest 
can be cleared up. The hawthorn blossom is Missouri's official state 
flower and the writer realizes that it will require some tact in putting 
across a haw-cutting campaign, but it may prove necessary in the com- 
mercial apple growing regions. 

PRESIDENT T. J. HEADLEE: Next is a paper by A. A. Granovsky. 


A NEW INSECT PEST OF CHERRIES IN WISCONSIN 
By A. A. Granovsky, Madison, Wisc. 


(Withdrawn for publication elsewhere) 


Mr. P. J. Parrott: In listening to Mr. Granovsky’s paper I was 
very much impressed with the resistance of the casebearer to applica- 
tions of arsenicals during the period when the insects were attacking 
the buds. This past summer an opportunity was afforded me of noting 
the destructive capacity of the apple casebearer in West Virginia as 
well as to observe the effect of different sprays on the insect. As in 
the instance of the species attacking cherries, Professor Peairs could 
make little headway against the pest by applications of arsenicals 
during spring and early summer. However, midsummer applications 
of an oil in combination with nicotine sulfate against the eggs, I believe, 
or the newly-hatched caterpillars afforded a high degree of protection. 
Working as they have on very similar problems, these men would 


Apple showing typical injury by Carposina caterpillar. 


Winter cocoon of Carposina caterpillar, full grown. 
larvae above. 
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do well to compare the results of their experiments since apparently 
some phases of their studies are leading to similar conclusions. 

In this connection, Mr. Harman of our department who is studying 
the bud moth finds that midsummer applications of nicotine or arsenate 
of lead are effective against the young larvae of the summer brood; 
and while the overwintering caterpillars are quite resistant to arsenicals 
applied during the spring they are, nevertheless, vulnerable to an 
application of nicotine sulfate. 

PRESIDENT T. J]. HEADLEE: The next paper is by Dwight Isely. 


FIDIA LONGIPES AS A GRAPE PEST' 
By Dwicut IsELy, University of Arkansas 
ABSTRACT 

The grape root worm ( Fidia viticida Walsh) is replaced in importance in the grape 
belt of Arkansas by F. longipes Melsh.2_ A summary of the habits and life history 
of the latter species is given. 

The grape root worm (Fidia viticida) is usually considered the most 
important insect attacking grapes in the northern grape belts, and is the 
most generally distributed insect pest in those regions. While Arkansas 
is generally included in its range, I know of no specimens of this insect 
having been collected in the grape belt of the northwest part of this 
state. Until recently it appeared that this pest not only did not occur, 
but that it has no counterpart in this region. 

The closely related species Fidia longipes Melsh. appeared in 1928 
to fill the place of the root worm in Arkansas, and was of still greater 
general importance in 1929. F. longipes has long been known to feed 
upon grape foliage. Hitherto it has not been noted as a pest, as far as I 
know, nor is there any information regarding its immature stages. 

It was first described by Melsheimer® from Pennsylvania, in 1847, 
and later in 1855 redescribed by Uhler as F. viticola. Its distribution is 
given by Johnson and Hammar’ as the Mississippi Valley and Eastern 
States. According to Blatchley,® its distribution in Indiana is confined 
to the southern part of the state, indicating that it is a more southern 
species than F. viticida. Because of the overshadowing importance of F. 
viticida it is possible that F. longipes has been confused with it in some 
of the literature of economic entomology, and hence the distribution of 


‘Research Paper No. 162. Journal Series, University of Arkansas. 

2Order Coleoptera; family Chrysomelidae. 

3Melsheimer, F. E. Descriptions of New Species of Coleoptera of the United 
States. Proc. Acad. Nat. Sci. Phila., 3:158-181. Eumolpus longipes, p. 169. 1847. 

‘Johnson, Fred, and Hammar, A. G. The Grape Root Worm. U.S. D. A. Bur. 
Ent. Bul. 89. 100 p. F. longipes, p. 16. 1910. 

5Blatchley, W.S. Coleoptera ...of Indiana. 1385p. F. longipes, p. 1143. 1910. 
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this species cannot be clearly defined. If it is distinctly a more southern 
species, we might apply as a common name, the southern grape root 
worm. 

Fidia longipes is fairly common, from a collector’s point of view, 
throughout Arkansas. I have taken a few beetles of this species nearly 
every year since 1918, the first year of my residence within the state. 
However, I did not know of its occurring in abundance before 19238. 
It was generally taken on the foliage of wild grape, and was not widely 
distributed. The change in the status of this species from being merely 
of interest from a collector's point of view to that of a pest may be due 
to the development of the grape industry in the Ozarks during the past 
few years. According to the U. S. Census of 1920,° in the five north- 
western counties of Arkansas there were 540 acres of grapes. Most of this 
acreage was scattered and there was only one small group of com- 
mercial vineyards. Five years later this acreage had increased to 6,541, 
according to the Census of Agriculture for 1925.7 There has been some 
increase in acreage since that time. The result is that the numbers of its 
host have not only been greatly increased, but that grapes are grown 
under a greater variety of conditions. 

F. longipes was found in approximately 15 per cent of the vineyards 
visited in July, 1929. In some of these vineyards the beetles were 
abundant enough to cause serious foliage injury. All of the infested 
vineyards were on well drained hill land. No specimens were found 
in vineyards in valleys nor in those on flat poorly drained soil. 

No attempt can be made at this time to estimate the economic im- 
portance of this insect. While its conspicuous abundance during the 
past two seasons is probably due in part to the great increase in grape 
acreage, some climatic factors may also be involved. However, even if 
it does not develop as a regular annual pest, it must be regarded as at 
least an occasional one. 

In habits and life history, as in general appearance of all its stages, 
Fidia longipes resembles F. vitictda. For the sake of comparison, a brief 
summary of its habits and life history will be given. 

The adults feed upon the upper surface of grape foliage, leaving con- 
spicuous chain-like feeding marks. The larvae feed upon the roots but 
are not proportionately as abundant as F. viticida around the crown of 
the plant nor around the larger roots. There is a single generation a 
year. The first adults emerged from the soil in 1929 on June 13, which 


‘Fourteenth Census of the United States, for 1920. State Compendium for 
Arkansas, p. 83-89. 1924. 
7U. S. Census for Agriculture for 1925, p. 944-953, 1927. 
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was about one month after blossoming of grapes. In relation to the de- 
velopment of its host, this is a somewhat later date of emergence than 
that of the grape root worm in the north. During both years the beetles 
were abundant throughout the latter part of June until mid-July, when 
they began to decline in numbers. Beetles were rare after the first of 
August. 

The shortest preoviposition period was 19 days. The elongate, 
cylindrical, yellowish white eggs are deposited in patches of 20 to 60 
under bark scales. The eggs hatch in six or seven days (in July) and the 
larvae drop to the soil and feed among the roots. The larvae form a 
hibernation cell below the frost line, where they remain until May. 
They feed for a short time in the spring, form their pupal cells, and 
transform to the adult stage. 

PRESIDENT T. J. HEADLEE: The next paper is by C. L. Metcalf and 
A. S. Colby. 


THE MEADOW GRASSHOPPER, ORCHELIMUM VULGARE 
HARRIS, A NEW RASPBERRY PEST' 
By C. L. Metcatr and A. S.’‘Co.sy, University of Illinois 
ABSTRACT 

Orchelimum vulgare Harris, not hitherto reported as destructive to raspberry, did 
much damage by ovipositing in canes of Illinois plantations adjoining crops of clover, 
cowpeas and alfalfa in 1928 and 1929. Egg-laying scars, oviposition, hatching, and 
molting are described. Cultural and mechanical control measures are suggested. 
An egg parasite is recorded. 

The vast majority of destructive insects cause injury by feeding. A 
relatively small number injure plants in laying their eggs. When 
several raspberry growers of southern Illinois brought to our attention 
quantities of canes damaged in the manner shown by P1. 4, fig. 1, we were 
at a loss to ascribe the trouble to any known raspberry pest. Nor did 
inquiry among our entomological friends or a survey of the literature on 
raspberry insects give us any help. 

One of our correspondents reported that he and his son had collected 
by hand, gallons of a large green grasshopper from the infested canes 
and fed them to chickens. He secured for us some specimens of what he 
believed to be the same pest. Among the insects secured was a single 
specimen of Orchelimum vulgare Harris. This gave us a clew to Han- 
cock’s (1904) paper, which describes the egg-laying of Orchelimum 
glaberrimum in bush marigold and to the discussion by Forbes (1905) 
of Orchelimum as a minor pest of corn. Subsequent work in the Fall of 

‘Contribution from the department of horticulture and from the entomological 
laboratories of the University of Illinois, No. 144. 


f Py 


oS JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 23 


1929 proved that Orchelimunt vulgare (P1. 4, fig. 2) was responsible for 
the injury under consideration. 

Forbes (1900, 1905) records the eggs from sugar beets, corn stalks, 
especially just below the tassel, elder twigs, the stems of dog-bane, 
lamb’s quarters, Spanish needle, horse-nettle, crab-grass, raspberry, 
blackberry, timothy, Boltonia, Baptista, and Cuina arundinacea. Riley 
(1893) records injury to sorghum tips in Arkansas. Leonard (1926) 
records the female laying eggs in pigweed and in an old fence rail. 

We have a few specimens of injury to raspberry collected by a student 
at Urbana, in October, 1927; but apparently the insect has not hitherto 
been recorded as a raspberry pest. 

IMPORTANCE.—The 1928 injury was severe in several raspberry 
plantations in southern Illinois. Both the red and black species were 
attacked. No varietal differences were noted, the Cumberland (black) 
and the Latham (red) being affected equally. In many cases the egg 
punctures were found well distributed throughout the length of the 
young canes of the season. As high as 70 per cent of these canes were 
injured and where they were left through the winter the majority were so 
weakened and splintered with eggs that they broke off at one of the egg- 
laying scars and fell to the ground. 

The 1929 injury was not so severe, as stringent control measures were 
taken in 1928, when the outbreak was first noted. The insect was re- 
ported in other and widely separated plantations in southern Illinois 
this season, however. 

DistrRiIBUTION.—According to Blatchley (1920) the insect ranges 
from southern Maine and southern Quebec, north and west through 
Ontario to northern Minnesota, Colorado, and eastern Wyoming and 
south and southwest to North Carolina, Georgia, Missouri, Arkansas 
and northeast Texas. Injury has been noted in Illinois during 1928 and 
1929 in Dongola, Villa Ridge, Mount Vernon, Johnston City and Jersey- 
ville. 

PLATE 4 


1.—-Characteristic injury to raspberry cane. The average distance, center to 
center, of the scars is slightly over 4% inch. 2.—Mature female of O. vulgare in 
characteristic resting position on raspberry cane. Length of female from top of 
head to apex of ovipositor is about 1,4 inch (30 mm.). 3.—Female in the act of 
laying her eggs, the ovipositor not yet fully sunken into the cane. 4.—Raspberry 
cane split open to show eggs in position in pith. Some of the eggs dropped out when 
the cane was split. A single egg of a tree cricket at x shows the comparative size. 
5.—Three eggs much enlarged, to show the variation in size that results chiefly 
from compression against the pith and adjoining eggs. The eggs average % inch 
in length. 6.—Egg shell from which nymph has hatched. Note pebbling of the 
chorion as shown at one end of shell. 
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" Oviposition.—Egg-laying takes place during late September and 
early October in southern Illinois. It had practically ceased by October 
15 in 1929. 

In laying eggs, the female (PI. 4, fig. 3) takes a position lengthwise of 
the twig or cane, with her four fore legs embracing the cane to give good 
purchase in the act which follows. 

The middle region of the body is now arched or humped in a semi- 
circle, bringing the apex of the abdomen far forward beneath the body 
until the tip of the ovipositor scrapes the bark of the twig beneath the 
thorax. Standing on tip-toe, the female then makes a few tentative 
thrusts with this sword-like organ. The tip having been anchored 
in the bark, the female begins to pull with her legs and push with her ovi- 
positor, while swaying the body slightly from side to side, thus bringing 
great pressure to bear against the twig with the ovipositor, which sinks 
slowly into the bark, becoming buried to its base in a few seconds. 
Although entering the twig nearly at a right angle, the ovipositor as it 
sinks into the pith is directed backward, so that the apical part of it 
comes to lie nearly parallel with the long axis of the cane. As Hancock 
remarks, the curved, blade-like organ is beautifully adapted to its use. 
The egg is then forced into place between the guides of the ovipositor 
and the ovipositor is withdrawn, leaving the egg with its head end 
near the puncture and the rest of it extending away from the puncture in 
a direction opposite to that in which the female was facing. 

In the cases timed, about six minutes elapsed while the ovipositor 
was sunken in the twig. When the ovipositor is withdrawn the female 
turns right or left, swinging the body around to face in the opposite 
direction, with the head over the puncture just made. The mandibles 
grasp the twig and by cutting and pulling, like a dog gnawing a bone, 
tear the twig into the splintered condition characteristic of this species. 
The superficial scarring of the twigs is therefore done with the mouth 
parts. In the cases observed from 25 seconds to 1 minute were occupied 
in the splintering process following each egg deposition. Then, moving 
forward slightly, the body is again arched, the ovipositor feels for the egg 
puncture and, if successful in finding it, is sunken through the same 
aperture but directed this time in the opposite direction. After this 
egg is laid and the ovipositor removed, the insect again turns to face 
in the opposite direction, splinters the twig above the puncture some 
more and then, advancing slightly, thrusts the ovipositor a third time 
thru the original aperture and places a third egg by the side of the 
first one laid. This process of laying eggs, directed alternately up and 
down the twig, and each deposition followed by splintering the wood 
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above the puncture, continues sometimes until ten or twelve eggs are 
laid about a single puncture, four or five lying abreast at each side 
of the puncture, their head ends facing the head ends of those at the other 
side of the puncture and all facing the opening in the lacerated twig 
(Pl. 4, fig. 4). In cases of such heavy deposition the interior of the twig 
becomes packed with eggs in contact with each other or separated by 
thin lamellae of compressed pith. 

When the scars are made close together the posterior ends of eggs 
from adjoining scars may overlap and they are frequently pressed out 
of the normal shape, which is circular in cross-section, by the crowding 
that results. It is believed that the toughness and pliability of the egg 
shell prevents the ovipositor from breaking eggs, already laid, by its 
subsequent thrusts. The ovipositor may also be sensitive to the presence 
of eggs in the pith and avoid thrusting directly into them. The diam- 
eter of the raspberry canes attacked ranged from 5 /64 to 12 /64 inch, the 
average being about 1 inch in diameter. These canes are commonly 
splintered by a row of from 8 to several dozen scars, extending from 6 
inches to as much as 5 feet along the cane. 

The distance from center to center of adjacent egg-scars on several 
twigs measured ranged from % inch to 76 inch. The average distance 
was a little more than % inch, center to center. The length of the 
splintered portion, or scar itself, ranges from 34 to 56 inch and aver- 
ages about % inch. The scars are oval in shape and about twice as long 
as wide. In any one scar there are usually about 12 to 20 strands of 
the lacerated cortex of the cane. Most of them although pulled up at 
mid-length are not broken; but a few free ends of the splinters usually 
project at the middle of the scar. 

The number of eggs beneath a single scar varies greatly. In general 
more eggs were laid per puncture in 1928 than in 1929, possibly because 
of the greater abundance of insects on the plants. The records of a few 
counts are as follows. The eggs lying adjacent to the same puncture 
are indicated by connecting hyphens, the first figure of each pair being 
that toward the apex of the twig from the puncture. Each line repre- 
sents a series from one twig. 


1928 

3-4, 6-2, 2-2, 3-2, 3-2, 1-1, 0-3. 

0-0, 2-1, 1-1, 3-2, 1-2, 1-3, 0-1. 

9-3, 2-2, 3-2, 4-3, 3-3, 2-3, 5-4, 2-4, 4-5. 
1929 

1-1, 1-2, 1-0, 1-9, 1-3, 1-3, 0-1, 1-1, 1-1, 0-1, 2-1, 1-1, 1-0, 1-1, 1-2. 

0-0, 0-0, 0-0, 1-1, 1-1, 1-1, 1-2, 2-2, 2-1, 1-2, 1-0, 1-1. 
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The maximum number found beneath a single scar was twelve, nine 
to one side and three to the other. Many were found with four and five 
side by side beneath each half of the scar. Hancock (1904) found a 
single pair of eggs laid at each scar by Orchelimum glaberrimum and 
Forbes records one or two above (distad of) the opening and the same 
number below, two to four in all. Poorly splintered scars and scars in 
very small canes are especially likely to be devoid of eggs. In the twig 
last recorded above, the first three scars which had no eggs beneath them 
were in a very slender part of the cane, only 5/64 inch in diameter. 
That part of the cane bearing the scars with 1-1 each was about 6/64 
inch in diameter, while that bearing 1-2 and 2-2 was about 8 /64 inch. 

When a single egg lies to each side of the puncture in a small cane, 
it is usually nearly straight and parallel to the axis of the twig. Whena 
number of eggs are laid in a larger cane they are generally tilted or 
curved somewhat diagonally across the cane, with their head ends 
pointing toward the puncture in the bark. Such eggs are variously 
curved or bent and compressed in conformity to their position in the 
stem and to the other eggs about them. The egg (P1.4, fig. 5) measures 
from 6 to 6.5 mm. or about % inch in length. The maximum dorso- 
ventral diameter is about 1.25 to 1.35 mm. (1/20 inch). Hancock (1904) 
gave the diameter as .7 mm. and Forbes (1905) as .75 mm. thick. Our 
measurements, made both from eggs which had overwintered and from 
recently-laid ones, were rarely less than 1 mm. thick. The egg shell is 
finely and evenly pebbled (P1. 4, fig. 6) somewhat like the grain of artifi- 
cial leather, the pebbbling being of such size that 20 to 25 of the grains 
occur to the linear millimeter. The end of the egg at which the head of 
the embryo lies and which is always directed toward the middle of the 
scar made by the female, is much more pointed than the opposite end. 

If the egg shells are moistened with water a short time before hatch- 
ing, the embryo can be seen more clearly through the chorion. The most 
conspicuous objects are the compound eyes which lie about a milli- 
meter and a half from the apex of the anterior end or a little less than 
one-fourth the way back. The frons lies in the very apex of the egg 
shell. Along the ventral side one can detect something of the developing 
mouth parts. All legs lie with the knee-joint directed caudad. The 
hind tibiae lie closely parallel along the ventral side of the egg through- 
out the posterior half of its length. The femora are parallel to the tibiae 
and the knee joint of the third pair of legs falls about 1 mm. short of 
reaching the posterior end of the egg. The dark-colored, very slender 
antennae extend from the head region along the venter between the 
tibiae, projecting half a millimeter beyond the knee joint where they 
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pass over dorsad and then sharply forward along each side of the €g& 
shell to well cephalad of the middle of the body. In the middle region 
they are bowed dorsad to skirt or escape some portion of the legs, 
probably the coxae. In front of this point they appear to bend ventrad 
and terminate close to the mouth parts. 

HatcuinGc.—The hatching of the nymphs of Orchelimum from over- 
wintering eggs, in twigs allowed to remain until early spring under 
normal conditions out-of-doors, and subsequently kept at room tem- 
perature in the laboratory, occurred from April 20 to May 10. The 
nymphs hatch almost exclusively at night. Darkness and high humid- 
ity seem to be stimuli to hatching. In the jars kept in the laboratory, 
very few nymphs emerged during the day but swarms of them were 
hopping about in the morning that had emerged during the night. In 
order to observe the process of hatching it was necessary to watch the 
cages all night. The artificial light required to make observations was 
also apparently a deterrent. From a group of canes that yielded 90 
nymphs on April 27th, only twenty hatched under observation the 
following night and all of them after midnight. The following night, 
April 29, the same lot of twigs yielded 86 nymphs; April 30, 65; and 
May Ist, 20. 

The following experiment may have some significance: The available 
canes were divided, on the night of April 29th, into four lots by arbitra- 
rily counting the twigs into four groups. Two of the four lots were 
thoroly wetted and placed over moist cotton at 8:30 p.m. The other 
two were kept dry. One of the wet and one of the dry lots were placed 
under artificial illumination all night long from the rays of three, fifty- 
watt, Mazda bulbs with reflectors. The other two lots were kept in the 
darkness of an unlighted, shaded room. On the night of April 30th 
the lots illuminated the preceding night were placed in darkness and the 
other two illuminated. On the night of May 1 the lots were again re- 
versed. At nine o'clock in the morning the results were as follows: 


April 29 April 30 May 1 
Light Dark Light Dark Light Dark 

er 19 37 8 55 6 12 

0 30 2 0 0 2 
Number of nymphs emerged from wetted twigs.............. 137 
Number of nymphs emerged from dry twigs................. 34 
Number of nymphs emerged in darkness.................... 136 
Number of nymphs emerged in artificial light.............. . 


This and other observations lead us to conclude that wetting and 
darkness are favorable to emergence of nymphs from eggs that are 
ready to hatch. 
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The first observable act in the hatching of Orchelimum is the sudden 
shooting out from the splintered egg scar of the green, first stage nymph, 
enclosed in its pellicle or exuvia until it stands nearly full length away 
from the wood and egg shell and usually at an angle of about 75 or 80 
degrees from the twig. The egg shell remains in situ in the pith, its 
anterior end having been split wide open. The nymph gains its freedom 
from the egg shell by convulsive, twisting movements, playing the body 
backward and forward and from side to side, but without using the legs 
to grasp any object whatever. It slips out of the egg shell and becomes 
erected to nearly the full length of the nymph in a very few seconds. 
So quickly does this process take place that one must be extremely 
alert to succeed in observing its initiation at all. At this time the nymph 
is anchored to the twig and egg shell only by the tip of the abdomen and 
by its very long antennae which have yet to be freed, as subsequently 
described. At this stage the body is uniform green, quite straight, and 
without any swelling whatever in the region of the thorax. 

Hatching, from the earliest appearance of the nymph on the surface 
of the scar until the exuvia of the first nymph breaks, occupied, in the 
cases timed, 2 to 3 minutes. Eggs in which the embryos were almost 
completely developed, that were removed from the pith in apparently 
perfect condition and kept under the most favorable conditions did not 
hatch in a single case. Consequently the beginning of the eclosion could 
not be observed and the time elapsing between the rupture of the egg 
shell and the expulsion of the nymph from the egg is unknown. 

First Mo.it.—When the nymph is exposed nearly full length, and 
erect at the side of the twig, peristaltic movements begin from the ab- 
domen toward the thorax. This obviously carries the body contents, 
whether it be blood or air, into the region of the thorax and at once the 
thoracic dorsum begins to throb. The top of the head and the thoracic 
nota become greatly swollen. 

Soon the pellicle bursts by a median longitudinal rift over the thoracic 
nota and these parts, greatly swollen, protrude. Within 15 to 30 seconds 
after the break in the exuvia, the latter has been slipped over the fore- 
head and down on the under side of the head to the mouth parts, smooth- 
ly and easily and with surprising rapidity. This stage of the process is 
suggestive of a tight sweater being removed over one’s head or a finger 
being punched thru the end of a rubber glove. The body is now shifted 
sideways and up and down, the mouth parts and bases of the antennae 
soon becoming exposed. Within a minute after the rupture of the ex- 
uvia, the entire thorax, the bases of the antennae and the coxae of all 
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the legs are exposed. The abdominal segments are now worked in 
and out of the enveloping exuvia like a stinger or plunger, crowding or 
pulling it backward from the anterior portion of the body much as a 
youngster kicks a blanket down by the activity of his legs. Within 1'% 
minutes after the rupture of the exuviae, the femora of all the legs are ex- 
posed to the tibiae. The free portion of the body continues its bending 
from side to side while the abdomen pumps back and forth in its exuvial 
pellicle. The legs during this time are all extended straight along the 
venter of the body closely parallel to each other. <A half minute more 
suffices to free the tibiae of all the legs and an additional half-minute 
releases the tarsi of fore and middle legs, the fore tarsi becoming free 
at the same time the hind legs are exposed to the knee. Within 2 to 3 
minutes of the bursting of the exuvia, the long hind femora have escaped 
from their pellicles and all the body except the tip of the abdomen, the 
hind tibiae and the antennae are now free. 

About the time that the bases of the hind femora are well exposed, 
the nymph begins the remarkable process of freeing its extraordinarily 
long antennae from their cases which extend far out behind the nymph 
as it drags itself from the egg shell. The basal segments of the antennae 
are large and prominent and they project ventrad and then caudad rather 
close and taut behind the head. The nymph now wraps its short, 3- 
segmented labial palps about the portion of the antennae which are at 
this time directly opposite the mouth parts. 

By bending the back sharply upward and elevating the head as much 
as possible while the palps lock about the antennae, the latter are 
pulled a short distance out of their cases. Then the back is humped or 
bent ventrally, a new grasp is taken of the antennae at a point a little 
further distad, and again locking the palps about the antennae, they 
are tugged out a little further. The abdomen contracts as the head is 
bent down to grasp the antennae and as the antennae are pulled out the 
abdomen extends, adding its force to the task. This performance is 
repeated about 60 to 70 times, each pull resulting in drawing the an- 
tennae somewhat further free from their ensheathing exuviae. As they 
are pulled further and further forward, they bow out in front of the head 
to form two prominent ellipses. The insect works rapidly, giving a new 
tug at the antennae at intervals of about two seconds. The action 
of the palps in grasping the antennae suggests the way in which a log 
chain is used in logging operations by passing it loosely around a tree 
trunk; as it is pulled forward it locks sufficiently tight to draw the log 
away. The two antennae lie parallel, close together, separated by about 
their own diameter and the labial palps overlap slightly, the apex of 
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one in front of the other like folded arms. In this way the antennae are 
held tight to the ligula and the grasp is a very secure one. The pellicle 
is slipped over the hind knee-joint at the same time that the palps first 
lock about the antennae. The tibiae now become bent sharply and 
seem to give additional purchase for the long pull at the antennae. The 
two processes continue simultaneously, the antennae being pulled out 
and the tibiae slipping out of their cases at the same time. Within 4 to 
4% minutes of the bursting of the exuvia the very last segments of the 
antennae have passed thru the embrace of the labium. 

This appears to be the signal for the use of the legs and for the first 
time they are brought into action. They reach down, grasp the twig 
very quickly, pull the tip of the abdomen and the hind tibiae free from 
their pellicles, and the insect immediately walks away. Five minutes is 
the time required for the molting of the first exuvia from the time the 
break in the exuvia begins until the insect walks away. The pellicle or 
exuvia of the first nymph remains partially enclosed by the egg shell. 
That portion which covered the tip of the abdomen and a very large 
part of the antennal cases are enclosed by the shell while the covering 
of head, thorax and a portion of the abdomen are left projecting from 
the egg upon the surface of the cane, like a bright, crumpled green rag 
(later becoming white). It is thus possible to tell approximately how 
many nymphs have hatched from any egg scar by these exuviae. The 
newly molted second instar nymphs are remarkably active, walking and 
jumping about and performing other activities in a very efficient manner, 
the moment they are freed from the exuvia, in striking contrast to the 
sedentary first instar nymph. 

The newly emerged, second-instar nymph is entirely pale green in 
color except for the compound eyes which are gray blue or lavender. 
There is no trace of the median, brown, longitudinal stripe, which how- 
ever, begins to appear within half an hour as reddish-brown, granular 
material margining the faintly pulsating heart or dorsal blood vessel. 
The newly-hatched nymph measures between 4% and 5 mm. in length 
from the forehead to the apex of the abdomen, while the antennae 
measure about 18 mm. The hind femur and hind tibia each measures 
3.5mm. The width of the head is 1.25 mm. 

The duration of the second instar is about 9 to 10 days. There is 
some difficulty in determining duration of the different stadia since the 
exuviae, following the first, are devoured, and it is difficult to recognize 
the different instars. In one case observed the molted skin was not 
eaten for an hour and a half but was subsequently devoured. The 
number of nymphal instars has not been determined. The nymphs are 
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very active, hiding and skipping about among dense growths of clover 
and other vegetation and seeming to prefer upland meadows and fence 
rows. 

Ordinarily the young nymphs exhibit a rather definite, positive 
phototropism. However, when they have been injured or are sickly they 
appear not ‘to respond to the attraction of light, and in a number of 
cases to be negatively phototropic. Associated with the positive photo- 
tropism is a negative geotropism, and with the negative phototropism a 
positive geotropism. It is obvious that the reversal of these tropisms in 
the case of injured or sickly individuals might be of very real value to 
them. While the positive phototropism and negative geotropism 
lead them upward and toward the light where their food is most likely 
to be in a satisfactory condition, the negative phototropism and positive 
geotropism of the sickly ones would lead them to seek shelter in dark, 
untraversed places where they would be most likely to escape certain 
natural enemies. 

The positive reaction to light and tendency to climb upward are 
strong enough to make these reactions a very real help in transferring 
specimens from one container to another. When the opportunity is 
presented to crawl upward toward the light into a fresh jar, 70 to 90% 
of the individuals usually respond very promptly. There are commonly 
10 to 20% that remain in the old jar. Sometimes these react to shaking 
and jarring and sometimes they refuse to pass into the new jar, regard- 
less of efforts. The latter individuals almost invariably prove to be 
ones which have the antennae partly injured and which jump with 
reluctance, or not at all, and usually die within a few days. 

There can be no doubt that the antennae of a second instar nymph 
are organs of very great significance to this insect. In one specimen the 
right and left antennae happened to become somewhat entangled as 
the insect was molting. It showed the greatest evidence of distress and 
restlessness and discomfort, racing from end to end of the tube, flailing 
the antennae about in every direction and finally bowing them back- 
ward and pulling them through the mouth parts until they were finally 
separated from each other. Within an hour or two of hatching, the mid- 
dorsal line becomes greatly darkened for about one-third the total 
transverse width of the body in dorsal aspect. 

CANNIBALISM.—Cannibalism occurs to some extent among the young 
nymphs of Orchelimum, at least in captivity. The nymphs appear 
to attack each other primarily on the long antennae. A very great 
number of them are found with one or both antennae partially chewed 
off. Wehave noticed that when one antenna is largely missing the nymph 
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is irresponsive to light-stimulus while in most of the cases of sickly 
individuals the antennae are missing. Whether the shock of losing 
the antennae is responsible for their weakened condition or whether, 
having become weakened, they are more readily attacked by the other 
nymphs, we are unable to say. The nymphs suddenly pounce upon their 
victim and begin to devour it at any point which comes in contact with 
the mouth parts. The body fluids are imbibed and the entire skeleton 
devoured. They can jump about with their victim held in the front legs 
and are not easily frightened away from the feast. One second-instar 
nymph fed upon another of the same instar for half an hour. They seem 
to devour only those individuals that have been weakened especially 
by the loss of the antennae. Hancock records cannibalism among the 
adults. 

Foop.—The nymphs feed readily on the foliage of red clover. In 
captivity they also ate bean-foliage and the blossom buds of barberry. 
Clover was favored among a large variety of foods tried. Smith 
(1908) records that the adults feed on cranberry seeds. Blatchley 
reports the adults as feeding on.the bodies of small moths and on a 
soldier beetle. Forbes (1905) found from stomach examinations that 
eight specimens of vulgare had eaten mainly insects, mostly aphids, with 
some pistils and leaf tissues of grasses and pollen and fungus spores. 

Lire-Cyc_e.—There is normally one generation a year. Winter is 
passed in the egg stage in the pith of plants. In the case of raspberry 
the canes usually break off and fall to the ground. Nymphs hatch 
from the overwintering eggs in May and June. The nymphs are common 
in July and August. Adults begin to appear in late July. Eggs are 
laid in September and October. 

Controt Measures.—The raspberry plant is a biennial, the canes 
growing one season and fruiting the following summer, after which they 
dry up and die. Since the eggs of the grasshopper are laid in the young 
canes, this wood must of necessity be cut out and burned as a control 
measure as soon as possible after oviposition and certainly before the 
eggs hatch. During 1928, in some patches, eggs were found deposited 
from within a few inches of the ground out to the tips of the canes. 
Infested wood was cut out and burned. This wholesale destruction of 
fruiting wood was costly, since a very light crop of berries was secured in 
1929. 

Hand-picking was resorted to in one plantation. Early in the morn- 
ing when the grasshoppers were not very active, it was found possible 
to catch them in large numbers. Where one or both of these control 
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measures was systematically followed out, the infestation was materially 
reduced by 1929. In 1929, however, the insect was found at work for the 
first time in other, newly-set plantations in counties adjoining the 192S 
outbreak. While the insect is able to live on a wide variety of host 
plants, it evidently prefers to lay its eggs on the raspberry when this 
plant is convenient. Therefore, it will be wise to be on the watch for 
the pest in order to combat it effectively as it appears in isolated patches 
in widely separated localities. 

Most of the outbreaks of 1928 and 1929 were in plantations partially 
surrounded by leguminous plants, such as clover, cowpeas, or alfalfa. 
In one case there was an asparagus bed at one side. Clover and similar 
forage crops are favorite food plants of the nymphs. When the crops 
are cut and removed from the field the grasshoppers move over to the 
raspberry plantation close by. This close juxtaposition of leguminous 
plants and raspberry should be avoided. The planting of peas as a cover 
crop in raspberry plantations is probably unwise in sections where this 
pest is prevalent. Weeds should not be allowed to grow during the 
summer. Clean cultivation, followed by a low growing cover-crop, such 
as oats, planted in September, is to be recommended. 

Numerous specimens of a Proctotrupoid parasite of the family Scelion- 
idae emerged from the egg-bearing canes in the laboratory. These 
have been determined by Mr. A. B. Gahan as Tumidiscapus flavus 
Girault, a species previously reared from puparia of the Hessian fly. 
Dr. L. O. Howard comments that this is an example of the condition 
where the oviposition impulse arises from the gross resemblance and 
method of life of the hosts, rather than from any taxonomic relationship. 
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Mr. L. Haseman: I might say we have that insect in Missouri. 

Mr. J. J. Davis: I might add that about two years ago Dr. Porter 
handed us specimens of this insect which caused considerable injury 
to roses growing in greenhouses at Vincennes, Indiana, by ovipositing 
in the twigs. 

PRESIDENT T. J. HEADLEE: Next is a paper by E. P. Felt. 


THE ECONOMIC IMPORTANCE OF SHADE TREE INSECTS 


By Dr. E. P. Fert, Director and Chief Entomologist, Bartlett Tree 
Research Laboratories, Stamford, Conn. 


ABSTRACT 

It is not so easy, in the case of shade trees, to establish the relation between a 
generally unsatisfactory condition and insect infestation as in the case of fruit trees. 
There is no difficulty in seeing the connection between a dying tree and the work of 
cambium borers, such as the two-lined chestnut borer, the bronze birch borer, the 
spotted hemlock borer and the sugar maple borer. The scale insects constitute a 
relatively inconspicuous group capable of causing serious injury. The oyster shell 
scale and the elm bark louse, in particular, are occasionally very abundant and 
injurious, the former frequently killing good sized ash and poplar trees. The tulip 
tree scale is another pernicious insect. The aphids or plant lice are occasionally 
extremely abundant and while the immediate results may not be as striking as in 
the case of severe infestations by scale insects, there is undoubtedly a lowering of 
vitality, through interference with the functioning of the leaf. A small series of gall 
insects produce appreciable injury. This is especially true of a number of the knotty 
oak galls. In the case of shade trees, symmetry and sightliness are important factors, 
consequently insects which affect the normal development of the tree by preventing 
growth or killing branches are undesirable. 

The leaf eating insects, such as canker worms and the elm leaf beetle frequently 
devour a considerable proportion of the foliage, and this can but have a material 
effect upon the vigor and the growth of the tree. The periodical outbreaks of the 
Pandora moth in western pine forests have resulted in the reduction in the width 
of the annual rings by 80°. It is more than probable that severe infestations by 
scale insects and plant lice materially affect the thickness of the annual rings. There 
are other causes which may produce this, namely deficient rainfall and thin soil or 
a gradual depletion in soil fertility. It is not easy to differentiate between the 
various causes. 

The mere reduction in the amount of wood produced in any one season is not the 
most serious phase of the problem. Weakening of branches or leaves is usually 
evident first in the upper limbs and is followed by greater susceptibility to both 
insect attack and fungous infection. It is believed that a combination of these 
agencies, each of variable importance under different conditions, explains in con- 
siderable measure the many dying tips generally assoicated with what we consider 
a ‘‘stagheaded"” condition. We need more data as to the part insects play in pro- 
ducing such conditions. How much of this can be traced back to earlier attacks by 
insects? Shade trees have a material value and it is our contention that this should 
be taken into account in estimating the economic importance of shade tree insects. 
We believe it much more economical to protect a tree from insect depredations than 
it is to replace such a tree with one of equal size. 
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Many fruit growers have learned the importance of protecting trees 
from insect depredations if they are to secure satisfactory crops. It is 
comparatively easy to connect injured fruit with insect depredations and 
to demonstrate that a weakened growth and smaller numbers of fruit 
buds may be traced back to injuries resulting from the work of borers, 
scale insects or leaf feeders. It is not so easy, in the case of shade trees, 
to establish the relation between a generally unsatisfactory condition 
and insect infestation and yet this frequently exists. The purpose of this 
paper is to present certain criteria for judging the effects of insect attack 
upon shade trees. 

There is no difficulty in seeing the connection between a dying tree 
and the work of such cambium borers as the two-lined chestnut borer, 
Agrilus bilineatus Web., the bronze birch borer, A grilus anxtus Gory, the 
spotted hemlock borer, Melanophila fulvogutiata Harr., and the sugar 
maple borer, Glycobius speciosus Say, to mention just afew. It is evident 
that these insects when sufficiently abundant girdle the tree or the part 
affected and cause a relatively speedy death, excepting possibly in the 
case of the sugar maple borer. Infestation by this maple insect usually 
persists through a long series of years, an occasional limb being killed or a 
serious scar produced upon the trunk. There is rarely a sufficient in- 
festation to cause speedy death of entire trees, though this does occur. 
The scattered, pernicious work of this borer over a series of years causes 
great damage and may ultimately ruin even good sized trees. The work 
of this pest is much more general in the northeastern United States, at 
least, than most realize. 

The scale insects constitute a relatively inconspicuous group capable 
of causing serious injury. The oyster shell scale, Lepidosaphes ulmi 
Linn., and the elm bark louse, Gossyparia spuria Mod., in particular, are 
occasionally very abundant and injurious, the former occurring more 
frequently upon American elms and the latter thriving best on European 
elms. The oyster shell scale frequently kills good sized ash and poplars. 
The tulip tree scale, 7oumeyella liriodendri Gmel., is another of these 
pests occasionally abundant enough to kill even good sized branches. 
The presence of this insect is somewhat readily detected, since its large 
size makes it conspicuous and in mid-summer there is a copious exu- 
dation of honeydew comparable to that produced by the elm bark louse. 
The abundance of any of these or other scale insects means an enormous 
draft upon the vitality of the tree, usually resulting ip weakening of 
branches, sometimes good sized limbs, and may end in considerable 


killing of terminals. 
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The aphids or plant lice are occasionally extremely abundant upon 
various trees and while the immediate results may not be as striking as 
in the case of severe infestations by scale insects, there is undoubtedly a 
lowering of vitality through interference with the functioning of the leaf 
both by withdrawal of sap and the partial smothering due to an abun- 
dance of honeydew. The Norway maple aphid, Chaitophorus lyropicta 
Kess., is a common and almost chronic offender in the northeastern 
United States and in recent years, at least, there has developed a type 
of injury or annoyance previously hardly noticed, namely the smear- 
ing and disfiguring with honeydew of automobiles standing under trees 
in mid-summer. This was very prevalent in southwestern Connecticut 
the past summer and something difficult to avoid if the car was upon the 
street much of the time. 

A small series, at least, of gall insects may produce appreciable injury. 
This is especially true of the knotty oak galls, Andricus punctatus Bass., 
A. cornigerus O. S., A. clavigerus, Ashm., several species of which become 
extremely abundant and not only disfigure good sized trees but kill 
limbs and even parts of trees. Several records have come to us of certain 
species killing trees. In addition to the conspicuous galls, we need also 
to take into account the various species which infest buds, particularly 
of oaks, and prevent their development. Several cases have come to 
notice where this injury assumed appreciable proportions, and this may 
account for poor twig development in certain cases. We have a similar 
type of injury by a plant mite, Eriophyes avellanae Nal., in the case of the 
European filbert, as much as 25% of the buds may be blasted and there 
are reasons for thinking that twigs are weakened and die as a conse- 
quence. 

In the case of shade trees, symmetry and sightliness are important 
factors quite aside from the vigor of the tree, consequently insects which 
affect the normal development of the tree by preventing growth or kill- 
ing branches are undesirable and the same is true of a number of species 
which produce large numbers of galls and unsightly foliage. The hack- 
berry bud gall of Pachypsylla gemma Riley causes an undesirable de- 
formation on the smaller twigs, which is entirely avoidable in the case of 
feature trees, at least. The abundant nipple leaf galls on hackberry 
produced by Pachypsylla mamma Riley come in the second category. 
This is also true of the bladder gall of the soft maple produced by a 
species of plant mite, Phyllocoptes quadripes Shim. 

The leaf eating insects, such as canker worms, Paleacrita vernata Peck 
and Alsophila pometaria Harr., and the elm leaf beetle, Galeru-ella 
xanthomelaena Schrank, to mention just a few, frequently devour a con- 
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siderable proportion of the foliage and this cannot but have a material 
effect upon the vigor and growth of the tree. 

Minott and Guild' in a careful study of the efiects of gipsy moth 
defoliation upon oaks in New England found that growth declines in 
practically a constant ratio. An average defoliation of 34% existed 
and the actual decline in growth was found to be 38%, this resulting in 
the premature death of a considerable part of the affected trees. 

There has appeared recently a bulletin upon the Pandora Moth, 
Coloradia pandora Blake, a periodic pest of western pine forests, and the 
author, Mr. J. E. Patterson, has satisfied himself that the width of the 
annual rings may be reduced as much as 80% from the normal in years 
when this insect is abundant. He finds that injury of this character 
may extend over a series of years and is quite likely to bring about con- 
ditions favorable for invasion by various pine bark beetles. It is more 
than probable that severe infestations by scale insects and plant lice as 
well as defoliations by leaf feeders may result in a great reduction in the 
thickness of the annual rings. We believe it important to recognize this 
phase of insect injury and the eventual outcome of such conditions. 
The immediate injury is not necessarily the more serious. 

There are other causes which may produce very thin annular tree 
rings, such as deficient rainfall, particularly in the case of trees in 
swamps where variations in the height of the water table are especially 
serious. Deficient growth may be due to changes in drainage, the latter 
not infrequent in newly developed areas. A thin soil or a gradual de- 
pletion in soil fertility, due to the systematic removal of vegetable 
matter, as for example, on closely clipped lawns and an insufficient 
replenishment, likewise limit wood development. It is not easy to 
differentiate between the various causes which restrict tree growth. It 
is important to recognize that insects contribute greatly toward bringing 
about such conditions. 

The mere reduction in the amount of wood produced in any one season 
is not the most serious phase of the problem, although it means a thinner 
layer of sapwood with a presumably corresponding reduction in the cir- 
culation, since sap flow is restricted to sapwood. Weakening of branches 
or leaves is usually evident first in the terminals, and is followed by 
greater susceptibility to both insect attack and fungous invasion. It is 
believed that a combination of these agencies, each of variable im- 
portance under different conditions, explains in considerable measure 
the many dying tips generally associated with what we consider a 
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“stagheaded” condition. We need more data as to the part insects 
play in producing such conditions and in some cases it is more than 
probable that the trouble had its inception years before there was any 
marked external evidence of injury. How much of this can be traced 
back to earlier attack by insects? We do know that such trees show a 
series of annual rings much thinner than the normal, a quarter or even a 
tenth of what they should be. 

We have presented figures elsewhere showing that the shade trees of 
the country have a material value and it is our contention that this 
should be taken into account in estimating the economic importance of 
shade tree insects. We believe it much more economical to protect a tree 
from insect depredations than it is to replace such a tree with one of 
equal size. Furthermore, many of us cannot afford to wait for the 
growth of a good sized shade tree. We are obliged to profit by the fore- 
sight of an earlier generation. 

Vice-President F. N. Wallace assumed the Chair. 


Vice-PREsIDENT F. N. Wattace: We will now call for a paper by 
F. F. Smith, H. J. Fisher and T. L. Guyton. 


A PRELIMINARY REPORT ON THE CONTROL OF THE PINE TIP 
MOTH, RHYACIONIA FRUSTRANA (COMSTOCK). 
By Fioyp F. Smita, H. J. FisHer, and T. L. Guyton, 
Harrisburg, Pennsylvania 
ABSTRACT 

The pine tip moth (Rhyactonia frustrana Comstock) is established in certain small 
pine plantations and is a serious pest in evergreen nurseries. Various control meas- 
ures were tried against thisinsect, some of which when applied to the egg stage were 
found to be practical. 

Several acres of pine nursery were found seriously infested with the 
pine tip moth, Riyacionia frustrana (Comst.), in 1928. The following 
pines were found to be heavily infested: Pitch pine (Pinus rigida), 
Austrian pine (P. nigra-austriaca), Japanese pine (P. densiflora), Jack 
pine (P. banksiana), Western yellow pine (P. ponderosa), Mugho pine 
(P. mughus), and Scotch pine (P. sylvestris). The Japanese black pine 
(P. thunbergt) was less severely infested. White pine (P. strobus) and 
several species of spruce growing nearby were not infested. 

The injury is of two types. On host species having large buds and 
heavy growth, the injury is confined to the buds, while on species with 
small buds and weak growth the tips of the twigs as well as the buds are 
hollowed out. Both buds and hollowed twigs are killed when infested 


by the insects. 
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Briefly, the life history is as follows: The insect overwinters as pupae 
in the infested buds. There are two generations each year, the first 
adults appearing with the coming of warm weather in the spring. The 
first moths appeared May 2, 1928 and April 8, 1929, and the last ones 
were observed on June 3, 1928 and May 29, 1929, respectively. In 
1928 the first moths of the second generation were found July 20 and the 
last ones August 9. In 1929 the first moths were taken July 9 and 
the last ones July 29. The adults emerging during the first 5 to 9 days 
of each generation are males and the females make up the large pro- 
portion of adults present during the last few days of each emergence 
period. The emergence in the second generation is over a period of 
about 3 weeks while the first generation moths are present from 4 to 7 
weeks. 

The unprotected eggs are deposited upon the buds, needles and twigs 
of the new growth. The emergence of the second generation over this 
comparatively short period and the exposed condition of the eggs make 
it practical to consider an insecticide directed toward killing the egg and 
early larval stages. 

Our literature contains two references to methods of artificial control 
of the pine tip moths, Rhyacionia spp. Howard,' in 1925, reported that a 
2% nicotine dust was very effective in killing the adults of R. frustrana 
bushnelli Busk. Gasow,’ after studying the biology of the European pine 
shoot moth, R. bouliana (Schiff), in Germany, stated that an insecticide 
would be effective against the insect in the egg stage only. 

The pine nursery in Pennsylvania infested with R. frustrana offered an 
opportunity for making control tests. The first trials which are in- 
cluded in Table | were based upon an attempt to kill the insect in any of 
its stages except the pupal. Later tests (Tables 2 and 3) included 
materials intended as ovicides and larvicides. The following tables give 
the materials used together with results :-— 

The injury to plants in plots of Table 2 escaped the notice of the 
superintendent of the nursery and all of the plants made a normal 
growth in 1929. High temperatures (94° Fah.) at the time of applying 
the first spray are probably responsible for the burning since increase of 
injury did not follow the later spray applications. 

Mr. Fisher, who conducted the tests during 1929, reported that the 
first generation moths had a prolonged emergence period due to change- 


‘Howard, L. O. Report of the Entomologist, U. S. D. A. for 1924-1925. 35 pp. 
1925. 

*Gasow, H. Nachrichtenbl. deutsch. Pflanzenschutzdienst, V., No. 1, p. 5, 1925. 
(Abstr. Rev. Appl. Ent., Vol. 13 A. 1925.) 
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able weather conditions. The timing of the first spray applied during 
the second generation emergence was not perfect since the first appli- 
cation was made July 22 while the first female moths were observed 
July 14. This series of tests should be compared with the 1928 tests of 
Table 2 in which the first spray was omitted. Resin fish oil soap was 
also included in this set of tests but gave no control. 

From these tests we conclude that an insecticide applied at the proper 
time to the eggs and young larvae gives promise of satisfactory control. 
All promising materials used were oils. 

Mr. E. P. Fe.t: May I inquire whether that spray with oil might 
be equally effective with the European pine shoot moth. 

Mr. F. F. Situ: The European pine shoot moth eggs are placed in 
the same relative position as are those of frustrana, and the description 
is the same, so I see no reason why it should not be equally effective. 


President T. ]. Headlee resumed the Chair. 
PRESIDENT T. J. HEADLEE: The next paper is by L. H. Patch and 
D. J. Caffrey. 


EXPERIMENTAL DETERMINATION OF CORN BORER DAMAGE 
By L. H. Patcu and D. J. CAFFrREY 


(Paper not received) 


PRESIDENT T. J. HEADLEE: The next paper is by C. J. Todd and F. L. 
Thomas. 


NOTES ON THE SOUTHWESTERN CORN BORER, D/JATRAEA 
GRANDIOSELLA DYAR 
By C. J. Topp and F. L. Tuomas, College Station, Texas 


ABSTRACT 

The southwestern corn borer has been gradually spreading from Mexico, until 
now it has reached the northern border and is more than halfway across the Pan- 
handle of Northwest Texas. It has been causing considerable injury to corn and 
has been found infesting several grain sorghums. 

The specific determination of this insect, which is closely related to the 
larger corn stalk borer and the sugar cane moth borer, was for a long 
time more or less uncertain. Most of the references have been made 
under the name Diatraea lineolata (Walker), but according to Dyar and 
Heinrich,' Walker's species has not been known to be in this country. 

The so-called southwestern corn borer, however, has been known to 
occur in the United States for more than ten years. It was first reported 
from Arizona, but probably came across the international border at 
several points, for it was found causing considerable injury over a large 


'U. S. N. M., Vol. 71, Art. 19, p. 24, 1927. 
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part of the Trans-Pecos Region in Texas and the river valleys of Eastern 
New Mexico as early as 1922.* 

The semi-arid condition of this region in Texas, which is south of New 
Mexico, has been the main factor in retarding the eastward spread of the 
borer as no corn is grown except along the river valleys, running north 
and south. 

The distribution of the insect gradually extended northward in New 
Mexico until other favorable conditions were encountered, when it left 
the river valleys and entered Northwest Texas. In this region it has 
been making a steady advance in all directions. This advance has been 
greatly facilitated in recent years as ranch lands were being invaded by 
farms and the soil conditions in many cases found to be suitable for 
corn production. 

The surveys which were made by workers engaged in cotton insect 
problems only partially covered the territory. They did not extend 
north of Farwell and Plainview although the borer was found at both of 
those points. It was also found on the north and west borders, but not 
actually in Lubbock County or in Terry County. The latter is a center 
for corn production in this section, the county seat having shipped out 
over a million bushels during 1928, according to P. C. Mangelsdorf, corn 
breeder of the Texas Station. 

In October, 1929, a report and specimen of the southwestern corn 
borer were received from a correspondent at Dalhart, in the northwest 
corner of Texas. According to H. J. Clemmer, formerly superintendent 
of the Dry Land Field Station at that place, it appears that the in- 
festation was first noted several years ago. Evidently the climatic con- 
ditions in the vicinity of Dalhart have not been sufficiently severe in the 
past few years for the borers to be killed out by the present farm prac- 
tices. 

The minimum temperature at Dalhart during each of the last three 
years has been below zero, Fahrenheit, with 9 degrees below being re- 
corded in the winter of 1928-29. The normal temperature for December, 
the coldest month, is 32.2 degrees Fahrenheit. 

The insect passed the winter as a larva in the tip of the corn root, and 
in 1929 transformed into the pupal stage the latter part of May. Twenty 
pupae from overwintered larvae remained in this stage an average of 14 
days. 

Examination of infested stalks on May 27 showed that 30 per cent of 
the overwintering larvae had pupated. A later examination made June 
25 showed that between 95 and 100 per cent had become adults. 


2L. O. Howard, Ent. Rept., U. S. D. A., 1923. 


Ve 


120 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 23 


Only one record was made on oviposition. In this case the moth 
emerged June 7, was confined in a small cage without food or oppor- 
tunity to mate, laid 187 eggs on June 9, and died June 10. The eggs 
laid in confinement and those found in the corn fields occurred in groups 
and singly. Normally the eggs are laid on the corn leaves. 

There are at least two, and probably three, generations. 

The first. generation larvae attack the corn when the plants are small, 
work into the crown, and cut off the bud leaves. The senior author ob- 
served as many as thirteen young larvae in the crown of one plant. 
Later generations bore into and tunnel the stalks but do not enter the 
ears. 

The injury produced by the worms is somewhat in proportion to the 
time when the corn is attacked and is worse in dry seasons. Some 
plants are ruined by the first generation of worms. The last generation 
does not reduce the yield as the plants, not previously attacked, have 
had opportunity to mature. They are weakened, however, and fre- 
quently break over. 

Surveys made during the past two years show that greater injury as a 
result of the presence of the borer occurs in those areas that have been 
infested longest. In one field near Sudan in October, 1928, practically 
100 per cent of the stalks were infested with one to three larvae, and 48 
per cent of the stalks were broken over. 

In the survey of 1929, five corn fields in Lamb and Bailey Counties 
had 96 to 100 per cent of the stalks infested. Only one field among those 
examined in these counties had as low as 70 per cent infestation. In 
these fields 22 to 41 per cent of the stalks were broken over. The average 
loss estimated by a number of farmers in the two counties mentioned, 
was 40 to 60 per cent, and the task of harvesting under such conditions is 
also greatly increased. 

Other forage crops: namely, milo, feterita, hegari, orange-top cane, 
and kafir, have been found to be injured when adjacent to fields of 
heavily infested corn. 

As yet no definite steps of a general nature have been taken to control 
or prevent the spread of this insect. Fall plowing of corn fields for the 
purpose of subjecting the hibernating larvae to greater exposure is not 
considered a wise practice by the farmers of that region as the disad- 
vantages resulting from loss of soil by being blown away in the spring 
would supposedly more than offset any advantage which might follow. 

The purpose in presenting these brief and rather incomplete notes is 
to call further attention to the fact that there is a corn borer in the south- 
west which has spread far from its native Mexican habitat and which is 
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apparently adapting itself to the conditions of a new environment. 
The insect has already proved to be a pest of considerable importance in 
Northwest Texas. Who can state where the ultimate limits of its dis- 
tribution may be? 

PRESIDENT T. J. HEADLEE: The next paper is by W. E. Hinds and 
Herbert Spencer. 


PROGRESS IN THE UTILIZATION OF 7RICHOGRAMMA MINU- 
TUM IN CANE BORER CONTROL IN LOUISIANA 
DURING 1929 


By W. E. Hinps and HERBERT SPENCER, Louisiana Experiment Station 


ABSTRACT 


This paper presents a brief review of progress in breeding work and in field colo- 
nization with Trichogramma minutum. It presents a comparison of the parasitism in 
sugarcane borer (Diatraea saccharalis) eggs in colonized areas as compared with 
natural, uncolonized development of this egg parasite. It also presents a definite 
case of effective borer control primarily by the utilization of this biological method. 


During the past few years there has developed a widespread interest 
in the possibilities of increasing the usefulness of this cosmopolitan egg 
parasite, 7richogramma minutum Riley, for the control of the sugar- 
cane borer and many other species of caterpillars of economic import- 
ance. So far as we have found, the first instance of such work dealing 
with the sugarcane borer (/iatraea saccharalis Fab.) was conducted in 
British Guiana in 1921 by L. D. Cleare.'!' In this work Cleare describes 
a method for securing eggs from Diatraea which were then exposed to 
attack by Trichogramma and the parasitized eggs distributed upon 
cane plantations. 

The work which has been conducted during three seasons past at the 
Louisiana Experiment Station has been reported in part through pre- 
vious publications.’ 

Improvements in Sitotroga egg production have centered around the 
handling of larger numbers of moths per unit containers, the influence 


'Cleare, L. D., A Method for the Rearing of the Egg Parasites of the Sugarcane 
Moth Borers. Bulletin of Ent. Res., Volume 19, Part I, August 1928, and reprinted 
in the Agricultural Journal of British Guiana, Volume 11, No. 1, March 1929. 

*Hinds and Spencer, Utilization of Trichogramma minutum for Control of the 
Sugarcane Borer. Journal of Economic Entomology, Volume 21, No. 2, April 1928, 
pages 273-278. 

———_———. Trichogramma Experiments in 1928 for Control of the Sugarcane 
Borer. Journal of Economic Entomology, Volume 22, No. 4, August, 1929, pages 
633-636. 
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of starch, etc., upon oviposition and the influence of the position of the 
container, and of humidity, etc. Credit for this production work belongs 
particularly to Dr. Spencer who has planned and supervised the ex- 
periments. The jars now being used are round battery jars about 8 
inches in height and 6 inches in diameter. These jars are covered with 
20-mesh copper wire screening. The results as secured from 50 such 
jar lots handled under different conditions are shown in Table 1. 


TABLE EGG PropucTion BY VARIOUS METHODS 


Period No. Approx. Approx. Aver. No. Eggs Method of 
1929 Jars No. Moths! Total Eggs? per Female Securing Eggs 
9/9-20 10 55,930 470,600 16.8 Jars inverted, 
without starch 
9/9-25 22 101,700 1,392,000 27.2 Jars inverted, 
with starch 
9/21-10/9 18 146,065 2,346,782 32.13 Jars upright, 


without starch 


'The measurement of a large number of moths has shown an average of 92.4 
moths per I c.c. 
*The weight of a large number of eggs has shown an average of 51 eggs per 1 m.g. 


These experiments show that moths gave the highest yield of eggs per 
female when confined in a large number (13,000 moths in a three-quart 
jar) and without the use of starch, or other material to incite oviposition. 
Practically twice as many eggs per female were deposited in these tests 
as in jars where they were inverted over starch. 

To determine whether a large, or a small number, of moths per jar 
would influence the number of eggs deposited per moth, the records 
shown in Tables 2, 3 and 4 have been selected from the total of 18 jar 
records in the entire series of tests with the jars erect and without 
starch. From this series the highest average production was secured. 


SITOTROGA EGG PropucTion TEsTs 


Number of eggs per female, with varying number of moths per jar. 
(All jars kept upright, and without starch) 


TaBLe 2. Approximately 13,000 moths per jar 


Exper. Approx. Total Eggs Av. No. Eggs Av. No. Eggs 
Jar No. No. Moths per Moth per Female 
30 13,867 217,974 15.7 31.4 
40 14,792 308,371 20.8 41.6 
48 14,792 210,273 14.2 28.4 
51 11,094 177,531 16.0 32.0 
52 10,169 153,561 15.1 30.2 


64,714 


12,943 moths per jar 


1,067,710 


& Averages [x 16.5 33.0 
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TaBLe 3. Approximately 8,000 moths per jar 


Exper. Approx. Total Eggs Av. No. Eggs Av. No. Eggs 
Jar No. No» Moths per Moth per Female 
38 7,858 125,511 15.9 31.8 
43 6,933 146,064 21.0 42.0 
44 9,245 172,553 18.7 37.4 
46 7,396 99,807 13.4 26.8 
49 9,245 93,534 10.1 20.2 
Totals 40,677 637,469 
& Averages 8,135 moths per jar 15.67 31.3 


TABLE 4. Approximately 5,000 moths per jar 


Exper. Approx. Total Eggs Av. No. Eggs Av. No. Eggs 
Jar No. No. Moths per Moth per Female 
31 4,622 68,926 14.9 29.8 
34 4,622 52,435 11.3 22.6 
37 5,084 78,361 15.4 30.8 
39 3,235 72,598 22.4 44.8 
45 4,622 74,001 16.0 32.0 
50 5,547 90,780 16.4 32.8 
Totals 27,732 437,119 —- — 
& Averages 4,622 moths per jar 15.7 31.4 


In the foregoing tables several records have been given each st 
representing “‘high,”’ ‘‘medium” and ‘“‘low’’ numbers of eggs per jar 
in order to average the conditions and results for each type of test. 
A comparison of the average number of eggs secured per female shows 
clearly that the best results were secured from the jars having a large 
number of moths per jar. The average in this set of tests was practically 
13,000, or nearly three times as many as were in the “‘low”’ set. This 
fact indicates that there may be a considerable economy in handling 
large numbers of moths per jar rather than distributing the same number 
of moths between two or three jars. 

During the past season only a ‘“‘maintenance stock”’ of Trichogramma 
was bred during the winter season. This allowed the maximum repro- 
duction of moths in the corn and the multiplication of Trichogramma 
was not begun until about the first of April. This allowed time enough 
for about six generations of wasps before they were needed in the fields. 
A multiplication of from four to six-fold is usually secured. The ac- 
cumulation of a large stock of moth eggs is secured by holding the 
moth eggs, unparasitized, in the refrigerator at a temperature ranging 
from about 42 to 55 degrees F. The eggs keep well under these con- 
ditions for as much as a month and may then give perfect results when 
exposed to the parasites. It seems to us to be better to refrigerate the 
unparasitized eggs rather than to retard the development of the para- 
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sites, although this may be done also quite successfully, and does occur 
naturally during cool periods of weather. 

While the average production of eggs per female Sitotroga is about 
30, it has been found that selected, freshly emerged and mated females 
may give an average of twice this number. It is quite apparent therefore 
that in the miscellaneous collections made from the moth breeding 
rooms we are handling a large number of females which have previously 
deposited part, or all, of their eggs in the corn. This is probably not a 
disadvantage inasmuch as the infestation in the corn must be maintained 
at a high rate to continue the work effectively. 

We believe that an improvement has been made also in our methods 
of securing the maturity, emergence, mating and field distribution of 
the wasps. We now hold the parasitized eggsheets in the Petrie dishes 
in the laboratory until the wasps emerge and mate. This allows emerg- 
ence and mating under the most favorable conditions and with entire 
protection against the attacks of predators or the disastrous effects of 
unfavorable climatic conditons. When the majority of the wasps 
appear to be ready, they are released in the fields by the operator simply 
opening up the Petrie dish as he walks along the row and allowing the 
wasps to escape a few at a time. They are thus scattered through the 
area being colonized under favorable conditions for their immediate 
attack upon the borer eggs. Later emerging wasps from the same 
sheets may be liberated in the same manner at a later time. 

In the work of 1929, approximately 10,000,000 Trichogrammas have 
been produced with moths reared from 100 bushels of corn. Of this 
wasp production approximately 1,500,000 have been utilized in field 
colonization work during the period from about May 28 to August 20. 

The field colonization work has been conducted in three areas es- 
pecially where close watch could be kept upon the conditions in the 
fields. The results from these principal field tests are shown in Table 4. 
The reader may draw therefrom his own conclusions as to the effective- 
ness of such colonizations in bringing about a high degree of destruction 
of the eggs of the sugarcane borer. 

In regard to the data given in Table 5 it should be stated that in the 
location at Jeanerette it was not possible to make collections of eggs 
before the parasites were liberated at the colonization field. A very 
heavy infestation was developing in a field of stubble cane and liberation 
of 15,000 Trichogrammas on July 3 was followed by a peak of parasitiza- 
tion by the middle of August. In the check field, however, the Tricho- 
gramma did not destroy over 90% of the borer eggs until the 11th of 
September. 
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TABLE 5.—RESULTs OF FIELD COLONIZATIONS OF Trichogramma minutum, 1929, 
LovuIsIANA EXPERIMENT STATION 


% Parasitization 


Location, La. Date Approx. Number Date  Colonized Check 
Colonized Parasites Examined Field Field 
Baton Rouge 4/12 0 0 
(La. Sugar Station) 4/29 0 0 
6/3 0 0 
6/4-6 175,000 
6/17 15,000 6/13-18 13 0 
7/3-22 130,000 7/15 25 1 
8/10 9.9 0 
8/12 178,000 
8 28 25.1 29.7 
9/11 62.8 71.1 
Cinclare 4/19 0 0 
(7 cuts fronting 5/28 100,000 5/28 0 0 
Miss. River) 6/11-12 23,000 6/11 29.0 0 
6/24 105,000 6/12 34 0 
7 /22-23 30 1.5 
7/30 74.5 2.6 
8 14 280,000 8/14 90.3 19.1 
8/27 94.3 19.5 
9/13 96.4 39.8 
Cinclare (at R. R.) 7/30 0.9 5.0 
8/2 85,000 
8/27 63.8 19.5 
Cinclare (Seed cuts) ‘ 8/2 0 5.0 
8 10 150,000 
8/27 30.7 19.5 
9/13 72.0 39.8 
Jeanerette 7/3 15,000 
8/2 87.3 24.7 
8/14 99.7 27.3 
9/11 97.0 92.7 


Some further observations upon the natural development of Tricho- 
gramma may be of interest. A series of examinations made during the 
week of August 12 to 19 covered some 30 fields distributed widely 
throughout the Sugarcane Belt. In these examinations from a collection 
of approximately 5,000 borer eggs taken outside of colonized areas, an 
average of 37% of the eggs were parasitized by Trichogramma. The 
abundance of borer infestation is indicated in a measure by the fact 
that in 15% hours of collection work 347 masses of borer eggs were 
found. This indicates what we would consider as a medium infestation. 
The only field examined on this trip where the parasitization was above 
80% was the colonized field at Jeanerette, which is reported in the last 
portion of Table 5. 

What we may consider as practically the peak of the natural oc- 
currence of Trichogramma during the season of 1929 is shown by records 
secured during the period of September 10 to 13. In Table 6 following, 
the records are arranged according to the variety and time of planting 


‘ 
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of the cane. It is not yet certain whether the variation in per cent of 
eggs parasitized shown in this table has any real significance. 


TABLE 6.—TRICHOGRAMMA OCCURRENCE IN FIELDS OF VARIOUS VARIETIES OF 
CANE, SEPTEMBER 10-13, 1929 
(Arranged in order of borer infestation) 
Number Approximate Per cent 


Variety and Planting Eggs Number Eggs 
Examined Parasitized Parasitized 

PO 3,438 2,905 84.5 
PO 3,202 3,069 92.8 
PO 617 560 90.8 
P O J 234—Stubble...... 1,535 1,349 88.0 


*This number is too small to be considered as significant. 


The figures shown above, indicating 90% of borer eggs destroyed by 
Trichogramma during the period of September 10 to 13, agrees closely 
with the records for preceding years and may be considered as prac- 
tically the average peak of parasitization. This high percentage was 
reached from 4 to 6 weeks earlier in at least two of the colonized fields. 

For several years it has been noted that the heaviest borer infestation 
occurring in Louisiana has been along the western bank of the Mississippi 
River and ranging from opposite Baton Rouge for nearly 50 miles 
southward. Along this territory the borer has, in some cases, so injured 
the cane that it was not worth harvesting. We have reason to expect, 
therefore, that the heaviest areas of infestation may be found in these 
“front cuts” as they are called through this territory. Some of these 
areas were selected, therefore, for our field colonization work in 1929. 
Cinclare Plantations, referred to in the foregoing tables, are located 
nearly opposite Baton Rouge—across the River. We cite the work 
done here as a fairly clear-cut case of biological control of the sugarcane 
borer. 

In the season of 1927 at Cinclare Plantations certain front cuts of 
cane were very heavily infested by the borer early in the season. From 
the growth of this cane up to the middle of July the owners had reason 
to expect a yield of approximately 25 tons per acre as it was P. O. J. 
234-plant cane. Before harvesting time the damage done by the borer 
resulted in the breaking down and killing of nearly half the tops through- 
out this area. The final yield secured amounted to only 14.75 tons of 
cane per acre and in this the sucrose averaged only 8%, whereas the 
average in this variety of cane, where borer damage was much lighter, 
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was usually between 13 and 14%. It was estimated that 43% of the 
tops had been killed by the borer and an examination of the eyes (or 
’ buds) of this cane showed that at least 25%% of them had been killed 
and fully two-thirds of the joints were perforated by the borers. 

In comparison with the foregoing conditions of 1927, the areas selected 
for Trichogramma colonization in 1929 were of the same P. O. J. 234 
variety, but stubble, instead of plant cane. Usually with this variety 
also the plant crop yields considerably better than does the stubble crop. 
The borer infestation in this area in 1929 was heavy from the beginning 
of the season and promised to result in as severe borer infestation as 
had occurred in the similarly located cuts referred to above in 1927. 

The colonization work done with Trichogramma in this area, of some 
10 acres of cane, is shown in Table 4 under the heading of ‘‘Cinclare, 
7 cuts fronting Mississippi River.” The steady increase in the par- 
sitization of borer eggs shown in Table 4 for this area indicates very 
conclusively the rapid and effective development of Trichogramma from 
the liberations which were made. 

The final records from this field show an average yield of 19.12 tons 
of cane per acre with an average of 12.85% of sucrose. While this yield 
is not high, it is fairly normal for a stubble crop of this variety of cane. 
The condition of the cane at the end of the season was not one of ex- 
tremely heavy borer infestation. The yield secured may be considered 
practically average for a condition of moderate borer infestation. The 
distribution of parasites which was largely responsible for the control 
of the borers in this case amounted to a little more than 20,000 per 
acre, liberated between May 28 and June 24. The large liberation of 
280,000 parasites on August 14 was made after 90% of the borer eggs 
were already being parasitized. We believe that this is the first case 
where a heavy initial borer infestation has been effectively checked by 
biological methods of control in Louisiana so that a profitable crop of 
cane was secured. 


Adjournment: 5:10 m. 


= 


128 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 23 


Proceedings of the First Annual Paper-Reading Session 
of the Eastern Branch of the American Association 
of Economic Entomologists 


This meeting of the Eastern Branch was held at the American Mu- 
seum of Natural History, New York City, on November 21 and 22, 
1929. The session was called to order by Chairman Cory, and Dr. L. O. 
Howard opened the meeting with observations on the development of 
economic entomology in this country since the first meeting of the 
American Association of Economic Entomologists held in Brooklyn, 
some thirty-five years ago, where the attendance was relatively small. 


PART I. BUSINESS PROCEEDINGS 


Chairman Cory appointed a nominating committee consisting of 
P. J. Parrott, A. F. Burgess and P. J. Chapman. 
The following report of the Secretary was read and accepted. 


REPORT OF SECRETARY 


“On August 16, 1928, the Northeastern Entomologists and the Eastern Branch 
of the American Association of Economic Entomologists met at Ithaca. Dr. T. J. 
Headlee, chairman of a special committee appointed at Winchester, Virginia, in 
the summer of 1927 charged with the duty of drawing up and presenting a petition 
to the American Association of Economic Entomologists for the formation of an 
Eastern Branch, reported that this committee had drawn up this petition and caused 
it to be presented to the Association at its annual convention in Nashville and that 
the request had been granted. 

“At the Ithaca meeting on August 16, 1928, Mr. E. N. Cory was elected president 
and Mr. H. B. Weiss was elected secretary-treasurer. Three members at large, 
Mr. A. F. Burgess, Dr. E. P. Felt and Dr. T. J. Headlee, were appointed by the 
chair and these members together with the two officers constituted a committee 
charged with the duty of drawing up a plan of organization. Such a plan was drawn 
up under the title, “Articles of Agreement” and submitted on March 12, 1929, to 
the members of the American Association of Economic Entomologists living within 
the territory covered by the Eastern Branch. 

“The criticisms and suggestions received as a result of this action were incorporated 
in a revised set of Articles of Agreement which was submitted again to the members 
of the parent organization living within Eastern Branch territory. This was done 
on October 5, 1929, and the articles will become effective upon adoption by the 
Eastern Branch and upon approval by the executive committee of the American 
Association of Economic Entomologists. 

“On July 15, 1929, a card was sent to members of the parent organization in the 
Eastern Branch territory asking them to keep the November meeting date in mind 
and to present the results of their summer research work. 

“On October 5, 1929, letters were sent to approximately 600 entomologists living 
within Eastern Branch territory advising them of the November meeting, enclosing 
the Articles of Agreement and asking for titles of papers to be read at the meeting. 
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“On November 8 a program was mailed to the same 600 entomologists and they 
were invited to join the Branch.” 


On motion duly seconded and carried, the Articles of Agreement 
governing the Eastern Branch were adopted. 


ARTICLES OF AGREEMENT GOVERNING THE EASTERN BRANCH OF 
THE AMERICAN ASSOCIATION OF ECONOMIC ENTOMOLOGISTS 


ARTICLE 1. This Organization shall be known as the Eastern Branch of the 
American Association of Economic Entomologists. 

ARTICLE 2. Its object shall be to advance entomology in all its phases by afford- 
ing opportunities for the presentation of new facts by exchange of experiences, by 
the discussion of entomological topics, by the announcement of projects and by 
cooperation with related activities. 

ArtTicLe 3. Membership in this branch shall be confined to the territory embrac- 
ing West Virginia, Virginia, District of Columbia, Maryland, Delaware, Penn- 
sylvania, New Jersey, New York, Connecticut, Rhode Island, Massachusetts, Ver- 
mont, New Hampshire and Maine, and the Canadian Provinces of Ontario, New 
Brunswick, Quebec, Nova Scotia and Prince Edward Island. 

ARTICLE 4. All members of the American Association of Economic Entomologists 
in the territory named in Article 3, shall become members of the Eastern Branch 
automatically on the payment of the dues provided in Article 8, of this agreement. 
All persons interested in any phase of entomology in this territory may become 
affiliated members of this Branch by being nominated at a regular meeting and 
elected by a two-thirds vote of the members present. Affiliated members shall have 
the same privileges and be subject to the same dues as members but shall not hold 
office. Any affiliated member who shall become a member of the American Associa- 
tion of Economic Entomologists shall automatically become a member of this Branch. 

ArTICLE 5. The officers shall consist of a chairman and a vice-chairman who 
shall be elected annually and a secretary-treasurer who shall be elected for a term 
of three years upon recommendation by a nominating committee or upon nomina- 
tion from the floor. The above officers shall act as the executive committee and shall 
pass on all urgent matters that cannot be deferred until the annual meeting. The 
chairman shall not hold office for two consecutive terms. 

ArTICLE 6. The annual meeting shall be held at such time and place as may be 
decided by the Branch at the previous annual meeting and special meetings may 
be called by order of the executive committee. Twenty members shall constitute 
a quorum for the transaction of business. 

ARTICLE 7. All proposed alterations or amendments to this agreement shall be 
referred to a committee of three at a regular meeting and must be approved by the 
executive committee of the American Association of Economic Entomologists. 
After a report has been made by the committee, the alterations or amendments 
may be adopted by a two-thirds vote of the members present; provided, that a 
written notice of the proposed changes has been sent to every member of the Branch 
at least one month prior to the date of action. 

ARTICLE 8. The annual dues of all members shall be $2 payable in advance and 
shall not include subscription to the JouRNAL oF Economic ENtomoLtoGy. The 


i 


130 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 23 


annual dues after postage and similar items have been deducted: shall be used in 
meeting the additional cost of publishing the papers read before the Branch in the 
JourNAL oF Economic ENTOMOLOGY. 

ArTICLE 9. Robert’s Rules of Order shall govern the sessions. 

ArticLe 10. This agreement shall become effective on approval by the Eastern 
Branch at a regular meeting and on approval by the executive committee of the 
American Association of Economic Entomologists. 


The Secretary proposed the following names for affiliated membership 
and they were duly elected: 


William T. Davis, Staten Island, N. Y. George P. Engelhardt, Brooklyn, N. Y. 
Norman H. Stewart, Bucknell University, O. K. Courtney, Camden, N. J. 


Lewisburg, Pa. Howard Notman, Brooklyn, N. Y. 
L. R. Colt, Jr., Chestnut Hill, Phila- George Wishart, Dominion Parasite 
delphia, Pa. Laboratory, Belleville, Ont., Canada. 
Fred M. Schott, Bergenfield, N. J. Marcus S. Crane, Caldwell, N. J. 
Avila Blanchard, Providence, R. I. John Glassford, Baltimore, Md. 


The executive committee was authorized to select the time and place 
of the next winter meeting. 

The desirability of a summer meeting was discussed and it seemed to 
be the general opinion that such a session should be a leisurely one, 
with few papers, ample time for discussion, in beautiful surroundings. 
Long automobile tours were frowned upon. 

The following resolution was adopted: 

RESOLVED, That Harry B. Weiss, Secretary-Treasurer of the Eastern Branch, is 
hereby authorized and empowered to collect moneys, pay bills, sign checks and other- 
wise conduct the financial affairs of the Eastern Branch. 


FINAL BUSINESS SESSION 


Chairman Cory called for the report of the nominating committee, 
which made the following nominations: 

For Chairman, C. H. Hadley 

For Vice Chairman, Lawson Caesar. 

The report of the nominating committee was accepted and Mr. 
Hadley and Mr. Caesar were duly elected for the coming year. 

Dr. T. J. Headlee outlined the purpose of the Eastern Branch and 
spoke of the necessity of publishing the proceedings of the Branch in an 
extra number of the JouRNAL. He thought the expense should be born 
by the Branch and moved that the chairman appoint a committee 
whose business it would be to raise the money and devise a scheme for 
future publication. This motion was seconded by Mr. Hadley and 
carried. 
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Mr. Hadley took the chair and later appointed the following com- 
mittee: V. I. Safro, Chairman, William Moore, S. W. Bromley, J. G. 


Sanders, I. L. Ressler. 


A resolution was passed, extending greetings to Mr. C. W. Collins and 


wishes for his speedy recovery. 


The secretary was instructed to tele- 


graph the resolution to Mr. Collins at Melrose Highlands, Massa- 


chusetts. 


The Secretary proposed R. W. Sherman, Camden, N. J., and L. A. 
Kohler, Clifton, N. J., for affiliated membership and they were duly 


elected. 


The Secretary was instructed to convey the sincere thanks of the 
Eastern Branch to the American Museum of Natural History for pro- 
viding a meeting place and accommodations for the members and 


friends in attendance. 


Harry B. WeEIss, 


Secretary-Treasurer 


The following members and visitors were present: 


Allen, H. W., Moorestown, N. J. 
Ashworth, J. T., New Haven, Conn. 
Back, E. A., Washington, D. C. 


Badertscher, A. E., New Brunswick, N.J. 


Bailey, H. L., Bradford, Vt. 
Barnes, Parker T., Palmyra, N. J. 
Beckwith, C. S., Pemberton, N. J. 
Blauvelt, W. E., Ithaca, N. Y. 


Brigham, Theodore, New Haven, Conn. 


Britton, W. E., New Haven, Conn. 
Bromley, S. W., Stamford, Conn. 
Brown, F. Martin, Avon, Conn. 
Brown, Hazel H., Avon, Conn. 
Burdette, R. C., New Brunswick, N. J. 
Burgess, A. F., Melrose, Mass. 
Cagle, L. R., Blacksburg, Va. 
Campbell, F. L., Washington, D. C. 
Chapman, P. J., Norfolk, Va. 

Cory, E. N., College Park, Md. 
Cotton, R. T., Washington, D. C. 
Courtney, O. K., Camden, N. J. 
Cronin, T. C., New York, N. Y. 
Crosby, C. R., Ithaca, N. Y. 
Curran, C. H., New York, N. Y. 
Daniel, D. M., Geneva, N. Y. 

Dills, L. E., Ithaca, N. Y. 
Dobroscky, Irene D., Yonkers, N. Y. 


Driggers, Byrley F., New Brunswick, N.J. 


Dyce, E. J., Guelph, Canada. 
Engelhardt, G. P., Brooklyn, N. Y. 
Felt, E. P., Stamford, Conn. 


Filmer, Robert S., New Brunswick, N. J. 


Fink, D. E., Philadelphia, Pa. 
Fox, Henry, Moorestown, N. J. 


Friend, R. B., New Haven, Conn. 

Garman, Philip, New Haven, Conn. 

Ginsburg, J. M., New Brunswick, N. J. 

Glaser, R. W., Princeton, N. J. 

Glassford, John, Baltimore, Md. 

Grant, D. H., Berkeley Heights, N. J. 

Gray, John, Ithaca, N. Y. 

Hadley, C. H., Camden, N. J. 

Hallock, Harold C., Westbury, N. Y. 

Hamilton, C. C., New Brunswick, N. J. 

Harman, S. W., Geneva, N. Y. 

Hartzell, Albert, Yonkers, N. Y. 

Hartzell, F. Z., Geneva, N. Y. 

Headlee, Thomas J., New Brunswick, N.J. 

Herrick, Glenn W., Ithaca, N. Y. 

Hervey, G. E. R., Geneva, N. Y. 

Hoerner, John L., Ft. Collins, Colorado. 

Horsfall, J. L., New York, N. Y. 

Howard, L. O., Washington, D. C. 

Huckett, H. C., Riverhead, N. Y. 

Hutson, Ray, New Brunswick, N. J. 

Inman, M. T., Nyack, N. Y. 

Johnson, J. Peter, Shelton, Conn. 

Johnson, V. A., Camden, N. J. 

Jones, Thomas H., Melrose Highlands, 
Mass. 

King, J. L., Riverton, N. J. 

Kisliuk, Max, Philadelphia, Pa. 

Knull, J. N., Harrisburg, Pa. 

Kohler, Louis, Clifton, N. J. 

Langford, George S., College Park, 
Md. 

Larrimer, W. H., Washington, D. C. 

Lipp, J. W., Moorestown, N. J. 
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Thursday Morning, November 21, 1920 


IMPROVEMENTS IN SPRAYING EQUIPMENT 


By A. F. BurGess, Plant Quarantine and Control Administration, 
Melrose Highlands, Mass. 


ABSTRACT 
The development of high power sprayers is briefly traced with particular reference 
to equipment that has been found most satisfactory on gipsy moth work. Reference 
is made to recent construction of a power take-off for light motor trucks which has 


been operated for one season with excellent results. 


Working pressures up to 1,000 


pounds can be used where hose lines of 6,000 feet are required. 


The control of most leaf-eating and many sucking insects is ac- 
complished by different types of insecticidal treatment, and spraying 
forms an important part of most control programs. Of necessity, the 
nature of the crop to be treated and the conditions under which it is 
grown are of equal importance with the habits of the pest that is being 


fought. The methods covered in this paper apply more especially to 


shade and forest tree problems but certain adaptations are doubtless 
feasible for other types of growth requiring treatment. 

Spraying machinery has been gradually improved during the last 
thirty years, the certainty of results has been increased, and the cost of 
treatment kept within reasonable limits in spite of a steady increase 
in the price of labor and machinery. During the nineties hand pumps 
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mounted on barrels or hogsheads were used in most spraying oper- 
ations but efforts were made, particularly in Massachusetts and New 
York, to employ steam and gasoline engines to drive the pumps. Motive 
power was furnished by horses and the amount of spray that could be 
applied daily was frequently limited by this slow means of iocomotion. 

In the Year Book of the United States Department of Agriculture for 
1896, Doctor L. O. Howard described in considerable detail different 
types of steam apparatus that were being used for spraying. One of 
these spraying outfits was used in Prospect Park, Brooklyn, New York, 
by Mr. J. A. Pettigrew who was Superintendent of parks. Later a 
similar machine was used in the Boston parks by Mr. Pettigrew and 
proved much more satisfactory than the hand pump sprayers. An out- 
fit that was more compact was used by Doctor E. B. Southwick, En- 
tomologist of the Department of Public Parks, New York City. The 
motor and pump weighed about 300 pounds and were mounted in the 
front of an ordinary one horse express wagon with a 100-gallon tank 
in the rear. The motor, known as a ‘‘Daimler,”’ which at that time was 
used extensively in naphtha launches, supplied the power. This outfit 
was capable of developing 60 pounds pressure, 4°’ hose was used and 
ladders were required. Doctor Howard stated, ‘It is almost noiseless 
and is used with the utmost safety on the Central Park drives, where 
the slight noise made by the motor is not noticed by the horses. Readers 
of this article acquainted with the Mall in Central Park will appreciate 
the havoc which might be created by a noisy steam engine.’’ Con- 
ditions have changed in many respects since that time. 

By 1909 several improved sprayers were placed on the market for use 
in treating shade, roadside and park trees. They were horse drawn out- 
fits, with 400-gallon tanks mounted in front of a gasoline engine and 
pump which was placed over the rear axle of therunning gear. The 
following year a 3-ton motor truck was used by the Forestry Depart- 
ment of the State of Massachusetts, the tank being mounted behind 
the pump, the power being supplied from the automobile engine. The 
spraying unit was removable so that the truck could be used for other 
purposes after the spraying season. In 1915 a machine of this type was 
built under contract for the Gipsy Moth Division of the Bureau of 
Entomology. Later, 5-ton trucks were used, and heavier pumps were 
installed in order to maintain higher pressures. Along with these de- 
velopments came the necessity of using hose and nozzles that would 
deliver the spray material more rapidly. 1’’ hose-capable of handling 
working pressures up to a thousand pounds was finally used, also special- 
ly constructed couplings that would not pull out when long lengths of 
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hose were dragged during the spraying operations. A new type of nozzle 
known as the Worthley nozzle was developed by means of which a mist 
spray could be delivered evenly over tall trees without climbing. This 
nozzle was devised by Mr. L. H. Worthley while connected with the 
gipsy moth project and he was also responsible for many of the improve- 
ments in the sprayers and other equipment which has already been 
mentioned, 

In 1926 the most effective high power sprayer used on the gipsy 
moth work was procured by the Bureau of Entomology. It was capable 
of delivering more than a thousand pounds working pressure and had 
been improved in many respects over the machines previously used. 
The necessity for such high pressure is due to the fact that on many 
types of work long lines of hose are required ranging from 2500 to 6000 
feet. Absence of passable roads and the desirability of placing the 
sprayer at the water supply make it necessary to use long hose lines. 
While nozzle pressure of about 300 pounds is ordinarily sufficient for 
solid stream spraying, the friction in the long hose line and the difference 
in elevation between the level of the sprayer and the nozzle at the end 
of the line, sometimes amounting to several hundred feet, made it neces- 
sary for a machine to develop this high working pressure. 

In treating woodland areas where the water supply was not con- 
veniently located, experience has shown that the cost of treatment could 
be reduced. by locating a small gasoline pumping engine at the water 
supply and filling the tank a thousand or more feet away by this means. 
While this method made it possible to increase the amount of spray 
material that could be applied per day, it was found that the tank filled 
rather slowly when this plan was used. In order to overcome this 
difficulty and further increase the daily output of the sprayers, tests 
were made to determine the feasibility of placing a partition in the tank 
so as to divide it into two equal parts. This was arranged so that the 
spray mixture could be pumped from one compartment while the other 
compartment was being filled and the poison mixed. This plan has 
worked very satisfactorily and has made it possible to increase the out- 
put and the acreage sprayed about 30%. Other improvements have 
constantly been made to increase the efficiency of spraying work. 

The use of fish oil as a sticker which was worked out by Mr. C. E. 
Hood, of the Gipsy Moth Laboratory, has resulted in making the spray 
adhere more firmly to the foliage and is of special advantage during 
seasons when the rain fall is heavy. Rearrangement of many details in 
handling the spraying work has also increased the daily acreage that 
can be treated. 


Plate 5 


TRATION 


High power sprayer used in Gipsy moth work. 
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In 1925 an attempt was made to develop a light sprayer, using a 1- 
ton truck which could be placed in locations where a heavier truck 
could not be operated to the best advantage. There were in operation 
at the time a number of different types of spraying units which included 
tank and gasoline engine, that could be placed in a motor truck and used 
for this purpose, but they were low pressure outfits and it was desired 
to have a unit that could be mounted on a truck chassis and take its 
power direct from the automobile drive shaft. This would eliminate the 
need of a gasoline engine in the spraying unit, and by having the latter 
removable it would be possible to substitute a commercial body and 
use the truck for other purposes after the spraying season was over. 
Several sprayers of this sort have been built and used with satisfactory 
results. In order to properly adjust the weight of the unit when the 
tank was filled, to the capacity of the truck, a 200-gallon tank was used. 
This sprayer would not develop more than 450 pounds pressure, and 
while it was very satisfactory in cases where long lines of hose were not 
required, it was inadequate to meet the needs of some of the most 
difficult spraying jobs that had to be done. In 1927 a United States 
service patent was granted on certain features of this machine which 
makes it possible for it to be constructed by anyone without payment of 
royalty. 

During the past year an attempt has been made to improve this type 
of sprayer and to increase the power that could be delivered to the pump 
in order to make it more efficient. This has been accomplished by adding 
an auxiliary shaft to the power take-off and as a result it has been 
possible to operate the machine up to a thousand pounds working 
pressure during the past season. Application has been made for United 
States service patents covering this device, and if allowed will enable 
any manufacturer to place this machine on the market without pay- 
ment of royalty. 

The essential points of the take-off are illustrated in the attached 
drawing and the truck together with the sprayer attachment formsa 
very useful and practical means of conducting spraying work on shade or 
forest trees. During the past season this machine has been in operation 
continuously on some of the most difficult treatment work that has been 
undertaken. Pressures ranging from 900 to 1000 pounds have been used 
constantly on hose lines from 3000 to 6000 feet in length. Owing to 
the light weight of the machine it is possible to place it in many locations 
where a heavy machine could not be driven and the results have been 


excellent. 
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The take-off is so arranged that by making one minor adjustment 
trees can be satisfactorily sprayed when the truck is moving as well as 
when it is stationary. This equipment gives promise of being very use- 
ful for spraying work and it should be possible to manufacture it at a 
price that would be within reach of towns or cities or companies or indi- 
viduals who have spraying work to do. After the spraying season is 
over, by substituting a platform body, the truck can be used for other 
purposes. 


FORWARD 
£ND 


® 


Fic. 16.—Essentials of take-off. 


The improvements cited have been the result of tests and observations 
made by officials and field men connected with the Gipsy Moth project. 
D. M. Rogers, L. H. Worthley, and H. L. McIntyre contributed much 
to the progress that has been made, and H. L. Blaisdell and W. H. 
Campbell have given invaluable assistance in perfecting the equipment 
and developing the light sprayer above described. During the past few 
years we have had the advice and cooperation of the Office of Public 
Roads of the Department of Agriculture, and the interest and help 
rendered by Mr. S. J. Dennis of that office have been of special value. 


FO 
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SHADE TREE INSECTS IN 1929 


By Dr. E. P. and S. W. BroMLey, 
Bartlett Tree Research Laboratories, Stamford, Conn. 
ABSTRACT 

The Norway maple leaf stem miner, Nepticula sericopeza Zell., is somewhat gen- 
erally distributed in southeastern New York and southwestern New England. 
Spraying with a nicotine molasses soap combination in May apparently gives ex- 
cellent control. The red cedar aphis, Lachnus sabinae Gill., provided an excellent 
outdoor demonstration of injuries earlier associated provisionally with this species. 
The hackberry nipple gall, Pachypsylla mamma Riley, and the hackberry bud gall, 
Pachypsylla gemma Riley, are both common on hackberry. The former is readily 
controlled with a nicotine molasses spray applied about the middle of May and the 
latter with the same materials applied about June 10th. The insecticide kills many 
adults and apparently destroys the eggs. The knotty oak galls, Andricus punctatus 
Bass, A. cornigerus O. S., and A. clavigerus Ashm. are common on the red oak, pin 
oak and willow oak respectively, in some instances causing serious injury. The 
alternate generation of the former two develops in a small blister leaf gall. The 
hackberry leaf aphid, Myzoca’lis fumipennellus Fitch, is responsible for a very general 
yellowish spotting and browning of hickory leaves in early fall, in some cases, most 
of the leaves being killed. The bronze birch borer, Agrilus anxius Gory, and the 
two-lined chestnut borer, Agrilus bilineatus’ Weber, are generally distributed pests. 
Available data show that feeding of birches frequently enables the trees to out- 
grow somewhat serious infestations. Work by the two-lined chestnut borer is very 
frequent on trees indirectly injured by grading or building operations. The filbert 
bud mite, Eriophyes avellanae Nal., produces greatly enlarged buds on European 
filberts and has been associated with some severe injury. A paste of calcium cyanide 
and castor oil applied to areas infested by the linden borer, Saperda vestita Say, have 
given very encouraging results. 


The following notes relate to some of the more interesting insects 
which have come under observation and record during the past season. 

The Norway maple leaf stem miner, Nepticula sericopeza Zell., kindly 
determined by Dr. August Busck of the United States National Mu- 
seum, was observed at Stamford, Conn. June 16, 1928. Attention was 
called to it then on account of there being an extremely heavy leaf fall, 
the infestation probably reaching 25 per cent on a tree over 60 feet high, 
and at the time of observation, some 10 per cent of the leaves then re- 
maining were found infested, the distribution of the borer being very 
uniform, throughout the tree. This is a European insect. Dr. Busck 
informs us that it is recorded as mining the young fruit of Acer, causing 
premature dropping. It presumably has the same habit in this country, 
though this has not been observed. 

There is little about the fallen leaf to suggest the real cause of the 
trouble. There is a slight enlargement of the basal half inch of the leaf 
stalk, the part next the twig, with a somewhat evident sooty discoloration 
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and most characteristic of all a minute white speck, presumably dried 
sap, indicating the point of injury. The caterpillar is semi-transparent, 
only about a sixteenth of an inch long, and the borings very obscure. 
The larva has a light brown, semi-transparent head, the body segments 
are smooth, whitish, transparent, and the posterior segment is somewhat 
produced along the median line, with sublateral oblique chitinous rods 
or spines and also a submedian chitinous structure terminating in two 
curved rods. Infestations were definitely located last year at Stamford 
and Darien, Conn., White Plains and New Hamburg, N. Y. The insect 
is probably somewhat widely distributed. 

Moths were observed on the tree May 13th and 22nd to 28, 1929 
and some of these caged produced the type of injury previously asso- 
associated with this insect. Apparently a very satisfactory degree of 
control was obtained by spraying with a solution composed of three 
pounds, eight ounces of Kirkman’s soap, one-half pint of Black Leaf 40 
and two quarts B & O Molasses to 40 gallons. The first treatment was 
given May 3 and a second May 22. A number of dead moths were ob- 
served after the spraying and whereas the infestation in 1928 was esti- 
mated at 25 per cent, that of 1929 was less than one per cent, the pre- 
sumption being that a considerable proportion of this reduction was 
due to the spraying. 

The red cedar aphis, Lachnus sabinae Gill., determined through the 
courtesy of Dr. Gillette, was less abundant the past season than in 192s. 
One seriously infested cedar was found May 22, 1929 and kept under 
observation throughout the season. Severe injury to this tree, which, 
incidentally, was in excellent condition in the spring, was noted June 21, 
some 75 per cent of the foliage being browned. June 24th, there had 
been a great reduction in the aphid population and winged lice were 
observed the 26th. Most of the insects leave the cedars in early mid- 
summer. July 17, some S80 per cent of the foliage was dead. These 
conditions practically duplicate results obtained in the insectary and 
observed here and there in the field the preceding season and clearly 
establish the ability of this plant louse to cause serious injury to red 
cedars. The aphids harmonize so closely with the twigs upon which 
they cluster that infestations are not easily seen. The insects have usual- 
ly disappeared before the injury is marked. Numerous attending ants 
serve as guides to the clusters, which in some cases may be an inch or 
even two inches long and in severe infestations there may be several 
such clusters on a branchlet some eight inches long. 

The complete life cycle of this species remains to be worked out, al- 
though it is known that small numbers appear upon the cedars in the 
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fall and possibly winter upon the trees. It is doubtful whether this 
be the normal habit, since a very careful search for eggs and hibernating 
aphids last fall and early this spring gave negative results. Thorough 
spraying with a nicotine soap solution on the appearance of the aphids 
in the spring has given excellent control. 

Hackberry nipple gall, Pachypsylla mamma Riley. This species 
ordinarily winters in the adult condition within the galls, though some 
may issue in the fall, a few such appearing in cages October 19, 1928. 
The adults were numerous on the trees at the time the young leaves 
began to appear, namely April 26, 1929 and continued in some numbers 
to mid-May. The eggs are similar to those of the pear psylla, except 
that they are whitish and are deposited with the long diameter parallel 
to the surface, commonly along the veins of the young leaves or upon 
blossom clusters, in ill-defined groups of 10 to 20 or even 30 or 40, and 
sometimes singly. Eggs were observed May 24, 1929 standing almost 
perpendicular to the leaf surface, the presumably anterior thicker end 
next the leaf, the free end tapering to a slender point and apically with a 
bristle-like appendage about one-fourth the diameter of the egg. The 
leaf at the point of egg attachment shows a distinct brownish discolor- 
ation and apparently a development of a thickly setose collar of plant 
tissues which appears to be growing up around the insect and around this 
collar there is a lighter area like a halo or ring. This is presumably the 
beginning of the gall. Four days later, numerous small holes, sug- 
gestive of spots where young psyllids may have started to establish 
themselves, were observed upon a number of leaves. In a few cases, the 
holes were surrounded by a circle of short plant hairs. June 5 leaf 
galls, approximately one-eighth of an inch in diameter and one-eighth 
of an inch high, were observed on a hackberry at Great Neck, Long 
Island, N. Y. The tiny nymphs were apparently motionless. A tree, 
badly infested with this psyllid, was sprayed April 30, 1929 with 3% 
pounds of molasses, one-fourth pint of Black Leaf 40 and 10 ozs. of lux 
soap flakes to 25 gallons of water. A second spraying was given May 13, 
9 pounds of molasses, one-half pint of Black Leaf 40 and 51 ozs. of the 
soap flakes being used to 50 gallons. These two applications killed 
nearly all the psyllids, many of the insects being gummed to the leaves. 
There were less than one-tenth of one per cent of the number of galls 
observed the preceding season. 

The hackberry bud gall, Pachypsylla gemma Riley, produces the 
numerous unsightly bud enlargements so characteristic of the hack- 
berry. The insects winter in the galls as nymphs, the adults appearing 
much later than those of the nipple gall just discussed, namely about 
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June 10th. Trees sprayed June 11th with five gallons of molasses, 
three-fourths of a pint of Black Leaf 40 and 4 pounds of soap to 50 
gallons of water gave a very fair degree of control. The foliage was well 
coated and many dead insects adhered to the leaves. Young bud galls 
of this species were not observed until early August at both Red Bank, 
N. J., and Stamford, Conn. 

Knotty oak galls. There are several species producing irregular 
woody swellings, some smooth, some horned, upon various oaks and 
occasionally these deformities are so extremely abundant as to seriously 
affect the tree, killing branches and even the greater part of trees. An 
infestation of this character is a serious matter in the case of feature 
trees and consequently a study of several species has been commenced 
in the hopes of working out practical control measures. 

The knotty oak gall of the red oak, Andricus punctatus Bass., a species 
which has been under the senior author’s observation for some 30 years, 
is sometimes very common. It is comparatively easy to rear the adults 
from these galls and we were fortunate in securing oviposition in the 
buds and the subsequent development of small, blister-like leaf galls, 
usually on or near the veins. The insects are still within the galls at this 
date, November 19th, and consequently our knowledge of the life cycle 
is still incomplete. 

The horned oak gall of the pin oak, Andricus cornigerus O. S., is 
another common species. We have succeeded, as in the case of the pre- 
ceding, in obtaining what we believe to be galls of the alternate gener- 
ation. These are small, whitish swellings along the midribs of develop- 
ing leaves or beside the major veins. They are ovoid, whitish, sparsely 
covered with a fine pubescence and show mostly on the underside of the 
leaves, though one was evident upon the upper surface. The galls vary 
in length from 1.5 to 2.5 mm. with a width from .75 to 1 mm. and from 
one to eight may be found upon individual leaves. A number of adults 
issued from these leaf galls early in July and as yet we have not been 
able to trace the life history further. It is not even certain that these 
oviposited on the twigs. 

There is a second horned oak gall, namely Andricus clavigerus Ashm. 
which is extremely abundant and injurious to willow oaks, a southern 
tree, and to date it has not been possible to do more than make a few 
observations on the abundance of the insect. We have not even ob- 
tained galls of the alternate generation. 

The hickory leaf aphid, Myzocallis fumipennellus Fitch, has practical- 
ly escaped notice in the North, at least as an economic species, although 
there is a record by T. L. Bissell of considerable injury by these insects in 
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1926 and 1927 to pecan in southern Georgia. (JOURNAL OF Economic 
ENTOMOLOGY 21:551-553, 1928.) Observations by the junior author 
led to the association in mid-August of orange spots upon hickory 
leaves with the minute black young of this aphid, and in order to dem- 
onstrate the connection with this condition, over 60 of these plant lice 
were caged upon a normal leaf and the development of the yellowish 
spots in some 10 days observed. ‘These latter changed to brown within 
a week or ten days. Observations in the vicinity of Stamford, Conn. 
and also in eastern Massachusetts show this insect to be generally 
present and during 1929 it was undoubtedly responsible for a great 
deal of prematurely discolored and dead foliage. In severe infestations, 
this may occur the latter part of August and involve 95 to 100 per cent 
of the leaves. This means a decided check upon the growth of the tree. 

There are two dangerous cambium borers which are constantly being 
brought to the attention of workers interested in shade trees. The 
bronze birch borer, Agrilus anxius Gory has destroyed thousands of 
birches in the northeastern United States and comparatively little is 
available as to satisfactory control measures. Our attention has been 
called within the last few months to a number of birches bearing evi- 
dence of serious earlier infestation by this insect and are, at the present 
time, in a very satisfactory condition. The change is attributed to the 
increased vitality resulting from feeding and the consequent stimulation 
of growth enabling the tree to overcome the attack of the borers. Last 
spring, a rather badly infested birch about one and a half inches in 
diameter was planted upon our experimental grounds and then fed 
liberally in order to demonstrate possibilities of helping trees in such a 
condition. The infestation on this tree was so marked that there was a 
question as to whether it would live through the season. It is a pleasure 
to state that the tree grew vigorously throughout the summer and is in 
a fair way to outgrow the earlier injury. 

The two-lined chestnut borer, A grilus bilineatus Weber, is a pernicious 
enemy of oaks, especially those in a somewhat weakened condition. 
Tbere is very likely to be a concentration upon weakened trees in May 
or June, the first evidence being the dying of the top or even the entire 
tree in mid-summer. It is perhaps needless to add that conditions 
favorable for such injury are usually found in suburban areas, particular- 
ly where grading and building is in progress and in not a few cases 
feature trees are the victims of attack. Investigations during the past 
few weeks in a typical woodland show the two-lined chestnut borer to be 
rather generally present, especially on weakened trees or at the base of 
weakened or dying branches. The presumption is that enough of these 
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insects develop in the average woodland to provide a heavy infestation 
whenever trees present especially inviting conditions. The obvious 
deduction is that the removal of weak trees and sickly branches is an 
excellent preventive against infestations of this character and if for 
any reason, removal is not advisable, there is a distinct possibility, 
drawing upon experience with the related bronze birch borer, that 
judicious feeding may be the most effective preventive. Entomologists 
have recognized in a general way that the sick tree is likely to be 
attacked by insects and here is a case where the adoption of measures to 
restore vigor appears to be a practical means for control. 

Filbert bud mite, Eriophyes avellanae Nal. This European species 
occurs on the European filberts and may blast 25 per cent of the buds. 
Infestation is indicated by the presence during the fall and winter of en- 
larged buds, nearly one-fourth of an inch in diameter. These never 
develop leaves. They shelter hoards of mites and are blasted the follow- 
ing spring. The mites were observed crawling somewhat generally 
upon the branches May 11 to 20, 1929, though none were found es- 
tablished in the new buds until August 26. Spraying with atomic sulfur, 
5 pounds to 50 gallons, at the time the mites are crawling seems to be a 
fairly effective control measure. 

There was an opportunity the past season to test the value of a cal- 
cium cyanide and castor oil combination recommended by Petch for 
borers in 1928. He applied a thick paste of the mixture to the base of 
apple trees infested by the round-headed apple tree borer, smearing the 
infested area with a small paint brush and obtaining a good control 
without injury to the tree. The method was used by us for the control 
of the linden borer, Saperda vestita Say, on recently set trees. A moder- 
ately thick paste was made and applied to areas indicating borer ac- 
tivity, a little pains being taken to cover the opening to the gallery. 
The results are apparently very satisfactory. 


PARLATORIA OLEAE COLV., A PEST OF PRIVET IN MARYLAND 
By H. S. McConne.L, Agri. Exp. Station, College Park, Maryland 
ABSTRACT 

Report of establishment of Parlatoria oleae Colv. in Maryland and preliminary 
notes on biology, food plants, natural enemies and control. 

In the spring of 1927, Mr. F. C. Barklage, gardener for the Baltimore 
and Ohio Railroad, submitted some California privet twigs, collected in 
Baltimore, Maryland, to Dr. E. N. Cory, that were infested with a scale 
insect which proved to be Parlatoria oleae (Colv.).!_ According to Dr. 


‘Identified by Dr. Harold Morrison of the Bureau of Entomology. 
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Harold Morrison, this scale has been known at various times as P. 
affinis (Newst.) and P. calianthina (Berl. and Leon.), and there is still 
some difference in opinion among authorities in regard to its correct name. 
When this infestation was investigated practically all the Baltimore 
and Ohio Railroad’s privet plantings in Baltimore were found to be in- 
fested. Since this first report, two additional infestations, each in a 
different part of the city have been found, one of which has been quite 
destructive. 

No previous reference to the establishment of this insect in the United 
States has been found. However, it has been intercepted often by 
quarantine inspectors. Just how important this species may become as 
a pest of plants other than privet is a matter of conjecture. Present 
indications are that it will be a serious pest of privet, a plant that has 
been remarkably free of insect pests. Associated with Parlatoria on 
the Baltimore and Ohio plantings, a light infestation of cherry scale, 
Aspidiotus forbesi (Johns.), was found, which incidentally is a new host 
for cherry scale. 

An effort was made to ascertain.the source of the plants in the rail- 
road company’s hedges, but it was impossible to find the invoices. 
According to the gardener, the plantings were made about fifteen years 
ago, which indicates that this infestation is one of several years’ 
standing. 

DESCRIPTION OF SCALE AND Its INjuRY TO PRivEtT. The female 
scales average 1.3 mm. long and .9 mm. wide, but vary from nearly 
circular to elongate; convex, dull white to dirty gray in color; exuviae 
large, covering about half of the scale; commonly yellowish brown to 
black in color. The female insect is slightly longer than wide, with 
head and caudal ends bluntly rounded. When full grown it is dark 
purple in color. Plate 6, figure A shows the pygidium. The male scale 
is about 1 mm. long; white, with yellowish exuviae. 

Most of the injury to privet occurs on wood one year old or older. A 
few scales are found on new wood late in the season about buds and leaf 
petioles. The attack is most severe on the old canes where the scales 
overlap, and pile up in some cases two to four deep. Under these con- 
ditions the twigs have an ashy gray appearance. The plants that have 
heavy infestations make very little growth, often not exceeding two 
inches in length during the season and this growth is killed the following 
season. The result is that the tops of the plants become a thick net 
work of fine dead twigs. The ultimate result is that many of the plants 
die. See Plate 6, figure B. 
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DISTRIBUTION AND Host PLants.2. From the information available it 
seems very probable that the Mediterranean region is the original home 
of this insect. It has been previously reported from Algiers, Austria, 
France, India, Italy, Morrocco, Palestine, Southern Russia, and Spain. 
Its host plants are too diverse to enumerate them all; more than forty 
are recorded. The more important hosts so far as the United States is 
concerned are, pear, peach, plum, lemon, orange, grape, cherry, ash, 
holly, locust, and oleander. In Europe, pear and olive are more severely 
injured than other hosts. 

SumMARY OF Lire History. The winter is passed as a full grown or 
nearly full grown insect. With approach of warm weather, the full 
grown females begin to lay eggs. They are light purple in color when 
first layed, but become darker as the incubation period advances. 
The overwintering females lay an average of about 60 eggs each. In 
1928 the first eggs were observed on May 3, and in 1929 on April 11. 
The incubation period varies from 15 to 30 days. There are two full 
generations each season and perhaps a partial third. 

NaTuRAL Enemies. To date only two natural enemies of this insect 
have been observed. One hymenopterous parasite, Aspidtotiphagus 
citrinus (Craw.),’ a species of cosmopolitan distribution, has been reared 
in small numbers. The other enemy observed is the larvae of an un- 
determined coccinellid beetle, which feeds on the scales. 

ContTROL. In experiments conducted so far, oil is the only insecticide 
that has been used against this scale. Lime-sulphur has been used in 
Europe, but under conditions prevailing in Baltimore is not as con- 
venient as oil, on account of the proximity of hedges to houses. One 
application of 3% oil emulsion, applied before the leaves come out 
in the spring, gives promise where scales are not over-lapped or piled up. 
Examination of sprayed twigs, where there was no over-lapping of 
scales showed only one live scale to each 13 inches of twigs. On twigs 
where the scales were over-lapped or piled up, one application of 3% 
emulsion was less effective. 


*The author is indebted to Dr. Harold Morrison of the Bureau of Entomology for 
much of the information on foreign distribution and host plants. 
*Identified by Mr. A. B. Gahan of the Bureau of Entomology. 
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BACTERIAL WILT DISEASE 


By F. MARTIN Brown, Avon, Conn. 


It is interesting to recall that among the earliest researches to link 
disease and micro-organisms we find Pasteur’s work on the diseases of 
silk-worms. Today we know, comparatively, little more concerning the 
diseases of insects. When it is possible to control and spread these dis- 
eases, the task of economic entomology will in some respects be lightened. 
However to date, there are no practical and successful methods of dis- 
seminating bacterial insect diseases. Those diseases that do assist in 
pest control are natural and sporadic. 

In 1926, the author started a series of experiments at the American 
Musegim of Natural History’s Station for the Study of Insects with a 
bacterial wilt disease.' The cultures used were from an infected larva of 
Danaus archippus, the common Monarch Butterfly, and were de- 
termined as a strain of Staphylococcus flaccidifex Glaser. The organism 
is a member of the Staphylococcus pyogenes group and quite capable of 
being a fatal and contagious pathogen for insects. 

During the following spring, 1927, at Newport, Rhode Island, several 
rather unsuccessful attempts were made to introduce the disease into 
colonies of tent caterpillars by spraying the tents with dilutions of broth 
cultures of the organism. In some instances as many as ten per cent of 
the colony died of the disease, but apparently the virulence had been 
considerably attenuated by several months of culturing on synthetic 
media. However, there seemed to be sufficient success to warrant a 
future trial. Unfortunately, my stay the following summer at the 
Station for the Study of Insects was interrupted and no new cultures 
were collected. At the Nashville meeting that winter, Dr. R. C. Smith 
of the Experiment Station at Manhattan, Kansas, told me of a disease of 
Eurymus eurytheme, the alfalfa pest, that he had observed and promised 
to send me material. This was received during the early summer of 1928. 
With this, the old cultures of 1926 and several new strains, I set about a 
second series of experiments with the assistance of Mr. F. E. Watson 
of the American Museum staff and of one of my students, Richard 
Iversen. 

The work consisted primarily of determining whether or not the organ- 
ism flaccidifex was a general pathogen or whether each strain was re- 
stricted to a single species or family of insects., We soon found that 
apparently all lepidopterous larvae were equally affected by each strain. 


‘Brown, F. M. Description of New Bacteria Found in Insects. American Museum 
Novitates No. 251, February 21, 1927. 
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Strains from D. archippus, P. turnus, P. rapae, E. eurytheme, P. huntera, 
C. promethea, and A. luna were used in the experiment. In each case the 
gross clinical picture showed the larvae to be turgid and immobilized, 
blackened, and the internal organs to be disintegrated. The microscopic 
picture in all cases showed many lancet shaped pairs of gram positive 
cocci markedly resembling pneumococci. These conditions are practical- 
ly identical with those found by Rief and by Glaser in their work fifteen 
or twenty years ago with the gipsy moth. 

In the laboratory, using Pyramais huntera and Callosamia promethea, 
the disease proved to be highly successful both as to fatality and con- 
tagion. Field work, however, was again disappointing and only in 
colonies weakened by crowding and lack of food was any measure of 
success attained. At this time three methods of infection were Used, 
with about equal success or lack of success; first, the early method of 
spraying; second, the surface infection of several individuals enter- 
ing the nest; and third, injection of cultures into individual larvae and 
their release into the nests. The last method was perhaps the most suc- 
cessful but at the same time it is the least applicable. 

To summarize, no real success has been met with in efforts to arti- 
ficially infect healthy field colonies of the common tent caterpillar, 
Malacosma americana, with wilt disease caused by Staphylococcus 
flaccidifex of known pathogenic character. However, I am convinced 
that someone will find a successful method of using this organism or 
some other insect pathogen for the economic control of insect pests. 

I wish here to acknowledge my indebtedness to Dr. F. E. Lutz of the 
American Museum of Natural History and to Dr. A. F. Burgess of 
the Gipsy Moth laboratory for their constant encouragement. 


THE OCCURRENCE OF THE NOSE FLY, CEPHENOMYIA, IN THE 
DEER OF PENNSYLVANIA 


By Dr. NorMAN H. Stewart, Bucknell University 
(Withdrawn for publication elsewhere.) 


SOME PHASES OF THE MEXICAN BEAN BEETLE CAMPAIGN 


By Ernest N. Cory, P. D. SANDERs, and W. T. HENEREY, 
College Park, Maryland 


ABSTRACT 
A general account of the campaign against the Mexican bean beetle showing how 
all forces joined in preparing the growers to fight the Mexican bean beetle and 
how energetically and successfully the growers took hold of the proposition, together 
with information on spraying materials and practices and their costs. 
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During 1928 the Mexican bean beetle became established throughout 
Maryland and destroyed many bean fields. As a result bean growers, 
particularly the bean canners, became thoroughly aroused to the neces- 
sity of combating the pest during 1929. Maryland is a large grower of 
early string beans, and early and late (October) bush limas for market. 
The State ranks third in the canning of green beans and is well up 
in the list in the canning of lima beans. Therefore, with such large 
interests at stake and with the motivating force of destroyed crops in 
1928, the problem of arousing interest was simplified. 

A campaign of education was begun in the late summer of 1928 by the 
Department of Entomology, through the County Agricultural and Home 
Demonstration Agents. By means of exhibits at fairs and lectures, 
supplemented by circulars and information cards, the story of the beetle 
and its control was carried to the home gardener, the trucker and market 
gardener and to the canner and his associates. The Tri-State Packers’ 
Association, The State Vegetable Growers Association, The Peninsula 
Horticultural Society, and the University Canners’ School all served as 
agencies to receive and spread the gospel of control in 1929. 

By conferences with Federal workers and officials of other states, an 
attempt was made to avoid as far as possible all debatable recommen- 
dations, and to make the directions as few and as concise as possible. 
One outstanding question, whether to dust or spray, had to be answered 
on the basis of individual conditions of terrain, water supply, and other 
factors. While spraying had given better results in all territories pre- 
viously invaded, it was felt necessary to advocate dusting under certain 
conditions. Otherwise it was certain that many growers would have felt 
that control, in the hilly sections, was impracticable or impossible. 

The number of materials recommended was cut down to magnesium 
arsenate for spraying and magnesium arsenate and lime or 20% copper 
sulphate, 20% calcium arsenate, and 60° hydrated lime for dusting. 
Pyrethrum sprays were advocated for any applications that were neces- 
sary on beans after the pods were formed as arsenicals were distinctly 
discouraged after pod formation on snap beans. 

Emphasis was placed on applications as soon as beetles began to 
appear in considerable numbers in the fields with repetitions every 8 to 

10 days depending upon the weather, rate of growth of the plants and 
the continuance of migration into the fields. Plowing down vines im- 
mediately after the last picking was urged and generally practiced. 

Even though only four materials were recommended, the number and 
variety of the combinations put on the market was remarkable. As a 
general thing, canners and the largest truckers adhered to the recom- 
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mended materials. However, so numerous were the materials sold in 
the state, that it was found advisable to test twenty of the principal 
combinations for their effectiveness in control and safety on the foliage. 

Materials tested to determine whether they would make the arsenicals 
less likely to injure the foliage resulted in showing advantage from the 
admixture of copper sulphate, litharge and zinc to calcium arsenate. 
Copper sulphate in all tests reduced the injury from arsenic, whether 
the combination was a dust or a spray. Magnesium arsenate used as a 
liquid spray is the most effective measure for commercial control where 
conditions permit the use of a power or large traction sprayer. Where 
dusting is advisable, the copper arsenic lime dusts should be used and it 
is probable that a 15-15-70 formula will be most satisfactory. 

Early applications were necessary on all but the earliest market beans. 
Some fields were dusted as early as May 14. Emergence began in our 
cages at College Park on May 4 and continued to July 1 with the peak 
between June | and 8 though in other parts of the state the first adult 
was collected on March 30, the first eggs on April 6 and the first larva 
on April 27. An average of 15% emergence was recorded for 4,000 
beetles put in the 4 cages. The first adult of the first generation emerged 
June 27. 

Commercial dusting was begun in Western Maryland on May 29 and 
on the Eastern Shore the first spraying and dusting began May 27 to 
June 12 depending upon how far south the fields were located. 

Cost and time figures were difficult to secure from commercial oper- 
ations. Hand dusting required 2% hours per acre; four row dusters 4 
hour per acre; and four row sprayers 34 hour per acre. These averages 
varied with the size of the fields and the proximity of the water supply, 
though the latter item was offset in some operations by the use of water 
tanks hauled to the fields. The reduced time of spraying was one of the 
unlooked for developments. Fields as large as S80 acres were dusted 
twice with excellent results and plantings of 110 acres were sprayed 
twice with even better results at a lower acre cost. The average cost of 
dusting for 3 fields ranging from 1 to 7 acres, using the copper arsenic 
lime dust at 20 lbs. per acre, was $2.91. In another set of records, 
dusting 2 fields of 10 and 14 acres, the average cost was $1.04, using 14% 
Ibs. per acre. The average cost of spraying plantings ranging from 1 to 
14 acres, using 3 Ibs. of magnesium arsenate per 100 gallons, was 
$1.78 per acre. 

The need for an efficient small sprayer appears to be partly satisfied by 
a two row sprayer and mopping machine that operates effectively at low 
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pressure and with about 1/3 the amount of liquid usually applied. This 
has been under test and observation in Maryland. 

A combination of cool nights and drought during August cut down 
the second generation by reducing the egg deposition. Many late plant- 
ings were not treated and satisfactory crops were harvested. Likewise 
most of the extra early snap beans were not dusted or sprayed and good 
crops were picked, but the amount of injury developed amazingly 
toward the last and, if plowing had not been done promptly, all the later 
plantings would have been more difficult to protect. 

Thorough preparation for combating the pest was universal; a vast 
amount of insecticides was sold; one company alone sold 96 traction or 
power dusters and sprayers and over 300 hand dusters; other companies 
sold more machines than the most sanguine would have dared to predict; 
the recommendations in the main were followed carefully; and the result 
in education and actual control exceeded the normal expectancy. 


PLOWING AS AN AID IN MEXICAN BEAN BEETLE CONTROL 


By P. J. CuapMman and G. E. Goup, Virginia Truck Experiment Station 


ABSTRACT 


Several tests show that plowing may be effective in destroying the Mexican bean 
beetle, especially the immature stages. Observations are included on the longevity 
and food habits of beetles unfed since emergence; observations which apply to 
survivors of plowing done while the population is in the pupal stage. 


Possibly no advice on insect control is more freely given than that of 
clean culture, plowing under of infested hosts and related practices. 
For such oft-quoted recommendation there is a surprising dearth of 
experimental evidence to indicate the ways that these methods are 
truly of economic value to an individual or toa community. We suspect 
that the originators of many such statements feel justified in the strength 
of the common sense principle that “‘every little bit helps.” Far from 
quarreling with such obvious logic, we take the position that before 
more than the usual emphasis is placed on these control methods an 
attempt should be made to measure their worth. 

This type of problem is admittedly one about which it is difficult to 
obtain much precise information. We have reported (Va. Truck Exp. 
Sta. Bul. 65; 691, 1928) on our 1928 observations in this connection as 
they apply to the Mexican bean beetle. These were burial tests con- 
ducted in wooden frames under more or less controlled conditions. 
The present paper is a report of field trials of burying by means of plow- 
ing—with additional related observations. 
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PLOWING EXPERIMENTS. Experiment1. A field of snap beans on the 
Whitehurst Farms, Norfolk, Va. was used in this first test. It had been 
abandoned after the first picking because of severe damage caused 
by the bean beetle. On August 9, 1929 the population was mostly in the 
pupal stage. On August 10, this field was plowed with an 8-inch walking 
plow. The use of a small plow was contrary to advice, but its use did 
give opportunity to observe what would result from this type of treat- 
ment. The soil was a sandy loam and at the time of plowing rather dry. 
On August 11, however, 1.25 inches of rain fell, which, according to our 
1928 experiences should have created soil conditions unfavorable to 
insect escape. From the standpoint of clean plowing a poor job was 
done. The furrows “ran with the rows’’ and one could readily dis- 
tinguish rows of uncovered plant tips everywhere in the field. Cheese- 
cloth was put down over two representative areas to retain any stages 
which were able to gain the soil surface. The record is as follows: 


Plat No. Sq. Ft. No. Beetles Recovered Acre Estimate of No. 
Observed 8/15 8/19 Total Beetles Gained Surface 
1 315 399 79 478 66,100 
2 305 347 110 457 65,200 
Total or Average 620 746 189 935 65,650 


It was perfectly evident from walking through the field that a con- 
siderable number of insects had survived the plowing operation. On 
August 15, one could find beetles crawling about on the soil surface, but 
most of them were clustered on the uncovered tips of bean vines. The 
stiffer bean vines and weeds (most of the weeds bore a heavy popu- 
lation of pupae) prevented packing of the earth and consequently 
created avenues of escape for beetles emerging under ground. So suc- 
cessfully had the stems held up the earth in many cases that a beetle 
emerging below ground had simply to crawl up a stem to gain freedom. 
For the purpose of estimating the per cent killed by the plowing oper- 
ation we placed the original population per acre at 1,200,000 indi- 
viduals mostly pupae (based upon estimates in Experiment 3). Because 
of the unfavorable location of many pupae, possibly 25 per cent of this 
number would normally have succumbed to the hot weather' prevailing 
at this time, although several thousand pupae collected in this field 
actually showed a lower mortality. From these assumptions, however, 
we arrive at 7 per cent as the number reaching the soil surface alive. 

The majority of the beetles seen on August 15 had disappeared by 
August 19, and since dead individuals were uncommonly found we con- 
cluded that most of the “plow-survivors” had flown to new fields. 


‘Howard and English. U.S. Dept. Ag. Bul. 1243, p. 28. 
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Experiment 2. The experimental plat was a small patch of snap beans 
on the Station grounds. The bean beetles present were principally 
pupae with a few larvae and adults. Soil a Norfolk loam. On August 13 
the plat was plowed, and here too an 8-inch walking plow was used. 
We attempted to do a thorough job, but in spite of our best efforts an 
occasional plant top remained visible. 

We covered 120 square feet with cheesecloth and three days later 
found three adults and 8 larvae on the surface—all dead. Seven days 
after plowing nine additional adults were discovered and these too were 
dead. 

Experiment 3. A small planting of Fordhook lima beans was selected 
for this test. Bean beetle damage was pronounced, although there was 
enough bulky growth remaining to offer a problem in clean plowing. 
A census of the bean beetle stages present before plowing was made by 
examining plants from selected samples totaling 25 square feet. On an 
acre basis these would approximate the following: 


Egg Masses Larvae (Mostly Full-Grown) Pupae and Prepupae Adults 
1500 200,000 335,000 65,000 
Total All Forms 601,500 


The soil, a Norfolk loam, was in excellent condition for plowing on 
August 15. In order to test several cultural methods the following pro- 
cedure was followed. First the eastern half of the plat was gone over 
twice with a disk harrow which had been so set that the vines were 
thoroughly cut up and the soil pulverized. After this operation the 
entire plat was plowed. We used two fourteen-inch bottom plows which 
were drawn by a tractor. The plowing depth was about 8 inches. 
A rather good job resulted, although an occasional tip was visible in that 
part of the field where the vines had been turned under direct. Finally, 
a spike tooth harrow was used on the southern half of the plat. To 
avoid pulling out buried vines the teeth in this harrow had been set at 
such an angle that it functioned more as a drag. Cheesecloth was then 
stretched over each of the four areas to entrap surviving larvae and 
beetles. The following records were taken: 


Acre Estimate of 


Area Treatment No. Sq. Ft. No. Insects Came Insects Surviving 
Observed to Surface as Adults 
Larvae Adults .Total Number Per cent 
1 Plowed 136 35 22 57 7,046 1.17 
2 Plowed and Harrowed 194 16 41 57 9,206 1.53 
3  Disked and Plowed 136 0 0 0 0 0 
4 Disked, Plowed and 


Harrowed 194 0 0 0 0 0 
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BEHAVIOR AND Fate or INSEcTs SURVIVING PLowinc. When clean 
plowing has been done, the larvae which reach the surface have little 
chance to survive. Those at the field margins may, of course, crawl to 
food in another field if such is near enough at hand; we have abundant 
evidence of third or fourth instar larvae crawling 12 to 15 feet in search 
of food. 

An appreciable mortality takes place even among beetles that have 
reached the soil surface. A plowed field offers little protection from the 
direct rays of the sun which, if of sufficient intensity, apparently results 
in deaths, especially among weakened individuals. Others, when trans- 
forming to beetles underground, and subsequently struggling to escape, 
may become so weakened or deformed that they are unable to fly to food 
and hence soon die. There appears to be, furthermore, a pronounced 
need for food after emergence before any prolonged flights are made. 
And if food is at too great a distance or if it is not soon found, still others 
may die. This brings up the question of how long beetles may live with- 
out having food after emergence. We have the following records.’ 

Date No. No. Dead Days After Emergence Average 

Emerged Used 1 5 8 9 10 11 12 13 14 15 16 

August 26-27 100 

Mean Temp. 

Oct. 25-26 100 

Mean Temp. 3 66 

Oct. 28-29 123 3 4 17 79 8 828 4 2 
Mean Temp. : 56 57 55 48 53 56 65 68 60 

It is erroneous to assume, of course, that beetles would recover should 
food be supplied within a day or more of the time when death would 
take place. It is likewise erroneous to assume that in the event of sur- 
vival, such beetles would continue life in a normal manner. These are 
problems which may be considered at a future time. 

Newly emerged beetles which have been unable to find food in the 
immediate vicinity of the site where they transformed are responsible in 
part for rather unusual food records. These are the individuals which 
we have found feeding commonly on stems, flowers, and pods of beans 
when the leaves are unsuitable. Cowpeas, soy beans, and alfalfa are also 
readily attacked. On August 26, 1929, 464 marked beetles, which had 
had no food after emergence, were liberated 50 yards from a snap bean 
field, but only 6 to 8 feet from some soy beans. This soy bean field lay 
between the snap beans and where the beetles were liberated. Several 
days later we failed to locate a single beetle in the snap beans, although 
what appeared to be the entire lot was found at the edge of the soy 


*Live beetles taken in plowing experiment No. 1 gave similar data. 


> 
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bean field. These beetles were kept under observation for several weeks. 
No eggs were laid, that we could find, and it was not long before the 
insects disappeared. About September 9, however, a single marked 
beetle was found in the snap beans. 

A similar lot of marked beetles was liberated 50 yards south of another 
snap bean field. The wind at the time of liberation and for several days 
following was from the northeast. No beetles of this lot could be located 
in the snap beans. Some 50 yards to the south of the liberation point, 
however, marked beetles were found on alfalfa and soy beans. 

INFLUENCE OF WEEDS ON SurRvivaALt. The presence of weeds in 
crops severely infested with bean beetle may influence the number of 
individuals reaching maturity in two ways. (1) Weeds, especially 
those with broad leaves, are commonly sought out as sites for pupation, 
even when infestations are only moderate. If, however, larvae destroy 
most of the bean leaves and weeds are not available, many will be forced 
to pupate in situations exposed to the direct rays of the sun. Pupae so 
located are likely to die should high temperatures prevail during the 
pupation period. (2) To a slight extent, a few species of weeds may 
serve as food to larvae in the absence of beans. At the Whitehurst 
Farms, Norfolk, Va., August 9, 1929 we found a number of black 
mustard (Prassica nigra (L.)) plants with leaves that had been skeleton- 
ized by larvae. And on November 1, 1929 a single larva was discovered 
feeding on shepherd’s purse, Capsella bursa-pastoris (L.). In the White- 
hurst field no feeding, as such, could be found on lamb’s quarters, 
jimson weed, dock, ragweed, pigweed, smartweed, purslane and spurry, 
although all of these bore numbers of pupae. There is, therefore, this 
rather hypothetical possibility: some larvae in the absence of more 
desirable food may obtain enough sustenance from certain weeds to 
complete their growth. 

Discussion. The immediate plowing under of bean vines at the com- 
pletion of harvest should be encouraged in areas where the bean beetle 
occurs. This practice may benefit either the individual directly, or may 
be a less tangible value as it improves the conditions of the community. 
Emphasis should be placed particularly on the importance of reducing 
the number of bean beetles entering hibernation. In this area semi- 
abandoned lima bean fields support large numbers of insects until 
late in the fall. The destruction of these and all “‘spent’’ bean vines as 
the hibernation period approaches should result in appreciable benefits. 

Where growers plant a succession of snap bean crops, plowing under 
of the old vines may be of direct value to an individual in lessening 
damage to younger plantings. Under such intensive culture the practice 
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is already common to plow fields shortly after a crop is harvested in 
order that another kind of crop may be put in; the presence of the bean 
beetle should simply be an additional incentive to early and thorough 
plowing. 

Snap beans such as the Bountiful variety mature so rapidly that only 
a single brood of bean beetles may mature on a given planting. One 
frequently finds the population predominantly in the pupal stage at 
the end of picking. If such fields are immediately and thoroughly 
plowed, few insects should survive. Lima beans, on the other hand, 
have a long growing and bearing period. In this locality three broods 
often complete their development on a single planting. A brood may 
mature before beans are ready to pick, and a grower would hardly plow 
under a field before it comes into bearing or shows promise of bear- 
ing later, unless bean beetle damage is extreme. Too often such lima 
bean fields remain the season through, unprofitable to the owner from 
the standpoint of production, yet serving the species in providing an 
abundance of individuals for hibernation. 

We believe, in conclusion, that disking before plowing, at least under 
certain conditions is a distinct aid towards creating soil conditions un- 
favorable for bean beetle escape. 


THE EUROPEAN CORN BORER WITH RESPECT TO SWEET 
CORN IN NEW YORK 


By Georce E. R. Hervey, Experiment Station, Geneva, N. Y. 


ABSTRACT 

Results are here given of two years experiments in the control of the corn borer. 
It appears that the infestation is somewhat lighter this season than in 1928 which 
is probably due to late planting and a poor stand of corn. Plowing as a means of 
disposing of corn refuse has given very satisfactory results in reducing the infesta- 
tion. This is illustrated by the results of a two-year survey in the Eden Valley 
section where clean up measures are practiced. Experiments with insecticides 
indicate that this is a possible means of combating the insect. Calcium fluosilicate 
appears effective against the young larvae. White oil emulsion also offers promise 
when used with aresnate of lead. Various dusts have been tried but have not given 
an appreciable reduction in infestation. 


Owing to the threatened invasion of the European corn borer to the 
sweet corn industry in New York State it was considered advisable to 
begin investigations into the nature of the injury and possible means 
of control of the pest. Accordingly in the fall of 1927 studies were 
undertaken with a view to attacking the problem from several angles, 
such as, determining the extent of the injury to sweet corn in New 
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York, life history and habits of the insect, the date of planting in 
relation to the rate of infestation, the value of plowing in the control 
of the insect and developing an efficient insecticide to be used against 
the caterpillars. The following notes are a summary of our results to 
date. 

The situation in relation to the sweet corn industry in New York is 
somewhat better than it was in 1928. Some early plantings in the 
infested area along Lake Erie and Lake Ontario show a high infestation 
but later plantings apparently escaped with little injury. This seems 
to be also true of the infested area around Schenectady and in Albany 
County. Late planting and a poor stand of corn in many cases probably 
account for the lighter infestation. The corn grown for the canning 
factory showed only a light infestation in all infested areas this year. 
The Genesee Valley and Monroe County which produce considerable 
corn for the canning factory averaged less than 10 per cent. This is 
no doubt due to the fact that nearly all canning corn was not planted 
this season until the first week in June and in some cases later. 

During the past two years we have been conducting a series of 
plowing experiments in the western part of the state to determine the 
mortality of the borers due to this operation. In addition to a number 
of cage experiments we have used a series of plats, 50 feet square, in 
which infested stalks have been buried at different depths. In order 
to determine the number of caterpillars that regain the surface of the 
soil after being buried traps were arranged around the edge of the plats. 
We have not been able to find any significant difference in the number 
of caterpillars recovered when buried at depths ranging from four to 
ten inches. The average emergence of caterpillars when buried in 
gravel soil in plats 50 feet square during late autumn is 32.56 per cent. 
The average emergence from plats of the same size when buried in the 
spring is 64.44 per cent. These plats were also covered with cheese 
cloth previous to the flight of the moths to determine whether any of 
the caterpillars were able to pupate in the soil and emerge as moths. 
The emergence of moths from the plats this season was less than 1 per 
cent. We did find, however, that if the plats were not cultivated at 
intervals after the infested material was plowed under the emergence 
of the moths was somewhat higher. In the course of the investigations 
it was considered advisable to determine the fate of the caterpillars 
which come to the surface after being buried. By means of various 
experiments and observations we have come to the conclusion that 
only a very few of these caterpillars are able to survive under ordinary 
field conditions unless adequate shelter in the nature of corn refuse or 
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other plant debris is present. The factor which seems to be chiefly 
responsible for the mortality of the caterpillars is exposure. From our 
observations it appears that they are able to move considerable dis- 
tances in search of shelter and may live for several days before succumb- 
ing. We have also noted that birds, especially robins, pick up a great 
number in the spring of the year. Ants have also been noted destroying 
large numbers of them when free on the surface of the soil. 

The value of community effort in reducing the infestation of this 
insect is well illustrated in the case of the Eden Valley section. This 
is a comparatively small market garden section in the infested area 
near Lake Erie in which there are about three hundred acres of sweet 
corn grown for the market. The farmers have for the past few years 
practiced a method of disposing of the corn stalks which has apparently 
worked out very satisfactorily. The stalks are cut as soon as the ears 
are picked and are then placed in the silo. The stubble is then disked 
thoroughly four or five times and the land is sown to rye. The rye is 
plowed under the following spring together with the pieces of corn 
refuse left on the surface. In view of the fact that these practices are 
in line with our experiments with plowing we considered that a survey 
of this area should show a noticeable reduction in larval population 
from year to year. Accordingly a survey of the corn borer situation 
was started in this section in 1928. The following are the averages for 
the years 1928 and 1929. 


Year Acres No. Ears oy No. Borers No. Stalks % No. Borers 
Examined Count. Infest. 100 Ears Count. Infest. 100 Stalks 

1928 45% 2750 18.2 22.7 4550 23.5 53.4 

1929 50% 3550 9.56 11.01 5100 11.92 23.42 


A number of experiments have been conducted with a view to de- 
veloping an efficient insecticide to be directed against the newly hatched 
caterpillars. Several materials have been tried and some of them have 
effected a considerable reduction in larval population while others had 
to be discarded owing to severe injury to the corn plant or ineffective- 
ness toward the corn borer caterpillars. Calcium fluosilicate, which 
was tried as a spray by the Bureau of Entomology last season, appears 
to offer the most promise at the present time. It has however been 
noticed that there is some injury to the corn plant following applications 
of this material. White oil emulsion also looks promising but is ap- 
parently more effective when combined with arsenate of lead. This oil 
emulsion when used at 3 per cent gave a high rate of mortality against 
the egg masses but at strengths less than this the effectiveness was 
varied. Arsenate of lead when used with fish oil as a sticker also gave 
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a noticeable reduction. Various materials, such as, arsenate of lead 
and hydrated lime, tobacco dust, lime nicotine dust, copper lime dust, 
and sodium fluosilicate when used in the form of a dust gave little or 
no reduction when compared with the checks. 


THE PLUM CURCULIO OUTBREAK IN THE CHARLOTTESVILLE- 
CROZET SECTION OF VIRGINIA IN 1929 


By L. R. CaGLe, Assistant Entomologist, Virginia Agricultural Experiment Station 


ABSTRACT 


An attempt is made to explain the heavy losses from curculio in the Charlottes- 
ville-Crozet section. It is believed that the important factors were omission of the 
petal-fall spray, lack of thorough cultivation, and heavy rainfall in the early season. 


There was a general outbreak of the plum curculio in peaches through- 
out Virginia in 1929. This outbreak was coincident with a somewhat 
heavier infestation of oriental fruit moth than normal in the older 
infested orchards and with the occurrence of this insect in some new 
sections of the State. Information regarding the oriental fruit moth 
had been broadcast, and, when a heavy infestation of worms was 
noticed in the Crozet section, it was thought to be due to this insect. 
By examination of the culled fruit, however, it was found that approxi- 
mately three-fourths of the loss was due to plum curculio. 

No systematic surveys were made to determine the curculio infestation 
in peach orchards over the State. From information available it is 
believed that the loss to Elbertas did not exceed 5 per cent in some 
sections, whereas, in the Crozet section, it ranged from approximately 
5 per cent to 50 per cent, most orchards averaging between 20 and 30 
percent. The oriental fruit moth infestation of the same variety ranged 
from less than 5 per cent to 45 per cent. An inquiry was made to de- 
termine, if possible, the cause of the heavy loss from the curculio in the 
Crozet section. 

Orchards were visited in the vicinity of Crozet and at Timberville 
where worms were comparatively few. In the former section a slight 
advantage was found in favor of liquid over dust but it was plain that 
the use of dusts was not responsible for the outbreak since losses were 
also heavy in orchards that had used liquid each year. In the Timber- 
ville section both liquid and dust were used apparently with good 
results. Many of the orchards in these sections are located on steep 
rocky slopes, which make cultivation difficult. Most growers, however, 
cultivated early in the season but few, if any, have practiced regular 
and thorough cultivations throughout the period when recommended for 
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the curculio. All orchards visited contained both apples and peaches. 
In some they were interplanted. Observations were made in two 
orchards in the Roanoke section in which studies have been made on 
the oriental fruit moth since 1926. In these orchards dust has been used 
for several seasons and regular cultivations have been given from early 
spring to midseason for many years. 


CLIMATOLOCICAL DATA, 19529. 
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Figure 17 is a chart giving the climatological data for the three 
sections from. March 1 to June 18. It will be seen that there was 
an extremely warm spell between March 20 and 30 and during the first 
half of April. There was also a comparatively warm spell around 
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March 15. It will be noted that at no time after March 12 did the 
temperature at Roanoke and Charlottesville fall below 32°F. while at 
Dale Enterprise, which is in the Timberville section, the temperature 
ran several degrees lower, dropping to 19°F. on March 19, to 25°F. on 
March 29, to 23°F. on April 13, and to 32°F. as late as ..fay 17. 

At Charlottesville and Roanoke, the blooming perioc of the peaches 
came during the last week of March. Complete data on this point and 
on the dates that sprays were applied were not obtained in the Timber- 
ville area. It is apparent, however, that the lower temperature there 
delayed the development of the trees so that the blooming period came 
during the hot spell in April instead of March. Quaintance and Jenne (1) 
found that adults leave hibernation when the mean temperature remains 
between 55° and 60°F. for a few days. Adults, therefore, probably left 
hibernation in small numbers around March 13, and in large numbers 
from March 22 to 26, so that during the extremely hot spell of the first 
ten days of April, they were in the orchards feeding and ovipositing in 
large numbers. This probably accounts for the heavy infestation of 
curculios noted in a number of orchards over the State in the early 
season. 

Virginia spray recommendations call for the application of poison 
(1) at petal-fall, (2) seven days later, and (3) three weeks later. The 
tendency in all sections has been to omit the petal-fall spray. In the 
Roanoke section the first poison was applied at shuck-fall. In the 
Charlottesville-Crozet section, the general custom has been to make 
the first application just as the shucks break, the second about ten 
days later, and the third about three weeks later. At Timberville, 
some followed the spray recommendations, while others omitted the 
petal-fall spray. Snapp (2) states that the application of poison when 
75 per cent of the petals had fallen materially reduced the infestation 
of small peaches in early spring. The omission of this spray has prob- 
ably played an important part in the outbreak in this State during the 
past season, since the infestation of small peaches which drop each year 
has probably served to carry over the infestation from year to year. 

The dates that poisons should have been applied according to Vir- 
ginia recommendations are indicated on the chart by (S). The dates 
that they were actually applied by growers from whom records were 
obtained are indicated by (S)g. It will be noted that sprays applied 
on the dates recommended for Roanoke and Charlottesville would have 
furnished good coverage during the hot spell immediately following 
petal-fall and since there was very little rainfall during this period, a 
good kill should have been obtained with a consequent reduction in 
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wormy fruit later in both sections. The third application coming during 
a cool rainy spell would probably have had little effect in reducing the 
infestation. It is also seen that sprays applied by growers on the dates 
indicated by (S)g in both sections afforded very little protection during 
the past season. The first applications came at the end of the hot 
spell following petal-fall and were followed by heavy rains. In the 
Roanoke section, 2.16 inches of rain fell on the third and fourth days 
after this application. On the same dates, 4.07 inches of rain fell at 
Charlottesville. The second applications were probably made after the 
nurculios had ceased feeding on peaches. Quaintance and Jenne (1) found 
that the adults fed very little from the time the pits began hardening 
until the ripening period. 

The above sprays applied by growers, no doubt, were equally in- 
effective in both sections. The orchard representing the Charlottesville 
section suffered a heavy loss from worms. This orchard is believed to 
be a fair representative of the section as a whole, both as to loss and as 
to spray practices. The orchard representing the Roanoke section, had 
a very light infestation of curculios except in the vicinity of a woodland. 
Observations in the early season in connection with studies on the 
oriental fruit moth showed a light infestation at that time in that part 
of the orchard away from the woodland. The writer, therefore, at- 
tributes this lack of worms to the thoroughness with which this portion 
has been cultivated in the past. That portion next to the woodland 
was on a rocky slope which has made cultivation difficult. This con- 
dition supplemented by the good hibernation quarters has probably 
caused an accumulation of insects which accounts for the infestation 
the past season. 

One grower in the Piedmont near Crozet had practiced applying 
sprays according to the Virginia recommendations. The dates of the 
application indicated by (S)g2 were a few days later than in the Crozet 
section proper because of the greater elevation of the orchard. The 
first application of poison being made at petal-fall and before the peak 
of the hot spell was reached, no doubt, gave a good kill of adults. The 
other sprays, however, were followed by heavy rains and were probably 
of little value. The application of poison at petal-fall each year has 
probably held the early infestation down so that the past season was 
begun with a small number of insects. This orchard was the only 
orchard visited in the section in which the owner did not report heavy 
losses. It was also the only orchard visited in which the petal-fall spray 
had been applied regularly each year. 
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Complete data were not obtained in the Timberville area. See 2 
Figure 17 for climatological data. It is plain that the sprays were 
delayed considerably because of the much lower temperatures prevailing 
there. One grower had records showing that he was spraying on 
April 19. Other growers reported that poison sprays were applied 
during the latter part of April and in May. By examining 2 Figure 17 of - 
the chart, it will be seen that the spray applied around April 19 came 
after the heavy rains of April 15 and 16 and was followed by a period 
of a week to ten days with comparatively little rainfall. The hot 
weather in early April, no doubt, brought out the adults in large num- 
bers, so that this spray probably killed many of them, consequently 
reducing the infestation at picking time. It will be noted that the 
rainfall during the latter part of April and May with the exception of 
the heavy rains on May 1 and 2, was much less than in the Crozet 
section, and sprays applied during this time, no doubt, were more 
effective in reducing the number of curculios to infest peaches at picking. 


CONCLUSIONS 


1. The outbreak in the Charlottesville-Crozet section was not due 
to a second brood of curculio. 

2. The practice of omitting the petal-fall spray in the past has 
permitted an infestation of peaches which drop early each season, 
although worminess of fruit at picking was prevented under normal 
conditions by the killing of the overwintered adults by later sprays. 

3. Heavy rainfall after sprays were applied rendered sprays in- 
effective during the past season and allowed overwintered adults to 
live until the picking season. 

4. Cool rainy weather from April 12 to May 20 probably caused 
egg deposition to be delayed so that a greater percentage of the eggs 
were not deposited until the ripening period of the fruit. 

5. The importance of supplementing spraying with regular and 
thorough cultivations in early season was emphasized. 

6. The apparently heavy infestation in early season ‘was probably 
due to the fact that the abnormally high temperature during the 
blooming period brought the adults out of hibernation at that time so 
that they were in the orchards in multitudes when the peaches were 
large enough to furnish places for egg deposition. 

7. By consistently following the practice of applying a petal-fall 
spray, a shuck-fall spray, and a three-weeks spray and supplementing 
this by thorough cultivations, another such outbreak may be prevented. 
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A PROPOSED BASIC DEFINITION FOR COMMERCIAL CONTROL 
By V. I. Sarro, West Nyack, N. Y. 
ABSTRACT 


Commercial control is the measure of protection from insect attack that yields 
the maximum net return at minimum expense. 


Several years ago in Southern California, a citrus fumigating concern 
attempted the experiment of guaranteeing commercial control of citrus 
scales. The main results of the experiment were a number of more or — 
less violent controversies—some of them still unsettled—as to what 
constituted commercial control. A number of entomologists endeavored 
to contribute some light upon the problem by making many detail 
records of the results of control operations, but no definite conclusions 
followed. No one knew what constituted commercial control. Tenta- 
tive agreements among those interested, that a certain percentage kill 
as recorded by a certain method of observation and calculation con- 
stituted commercial control, still did not solve the basic problem. This 
experience has in greater or less degree been met with by most economic 
entomologists. 

In his experimental work the economic entomologist endeavors to 
obtain at a reasonable cost a control as nearly perfect as the nature of 
the pest and the difficulty of repressive measures permits. In many 
cases the 100% experimental control of insect pests is obtained with a 
reasonable degree of care and thoroughness in the control operations. 
The economic entomologist does not assume that the grower, under his 
field and labor conditions will obtain a similar 100% control, though it 
is true that occasionally one does hear of such reports. 

The usual procedure has been for the entomologist to report to 
growers those measures that under experimental conditions have given 
the maximum control, and then to indicate that such measures reason- 
ably followed, should result in ‘““Commercial Control.’’ The grower is 
given to understand that he should be satisfied with this “Commercial 
Control” and not consider his operations a failure or the recommenda- 
tions faulty merely because he has not obtained complete extermina- 
tion of the pests. 
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Lack of accuracy in the meaning of the term has led to many dis- 
agreements as to efficiency of various measures for minimizing the 
losses caused by insect pests. Need of a more definite understanding 
has resulted too freuently in more or less arbitrary acknowledgment 
that anything above about 95% control—but short of 100%—was 
“‘Commercial.’’ In the case of certain pests where numbers are very 
large and where field operations for perfect control difficult, the com- 
mercial control quite possibly may be more than even 99%. And 
conversely, where numbers of the pests are few, commercial control 
may be as low as 80% or, in still other cases, even less. Percentage 
kill may be used as a measure of commercial control in specific cases— 
but logically only after the establishment of an accepted definition for 
the term. 

The following definition is herewith proposed: Commercial control is 
the measure of protection from insect attack that yields the maximum net 
return at minimum expense for the control operation. 

The term ‘‘Minimum expense” includes material, labor, and what is 
fully as important, convenience, personal preference and availability. 
It is used to differentiate commercial control as here defined from that 
measure of control obtained by greater expenditures without a propor- 
tionate increase in the net value returned. The proposed definition 
contemplates that it is possible to increase control expenditures at a 
net loss for the operations concerned—even though a higher percent- 
age kill is obtained. Each operation, in so far as it can be differentiated 
from prior and subsequent operations, is expected to return a profit to 
the grower. It is evident, therefore, that such higher percentage actual 
control obtained at a greater cost may not be as good commercial con- 
trol as a lower percentage control at the minimum cost as specified in 
the definition. 

A hypothetical case may be used as an illustration. Assuming that 
it is possible to obtain a 95% control of a certain pest, and that many 
growers do obtain it, an economic investigation may reveal that the 
last 5% control has been a loss to the grower. In this case, 90% will 
have represented the commercial control. 

This definition is proposed in an endeavor to lead finally to an 
accurate workable understanding of the term on the basis of which 
specific economic studies can be made of commercial control operations. 
It may be protested that one cannot tell whether a certain measure of 
control has been commercial until the crop has been sold. As a matter 
of fact, the principle should hold without regard to the actual price 
received. The most dollars return means the most dollars return, 
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whether the selling price was $1.00 per barrel or $10.00 per barrel. 

But, it may be objected, how does the definition apply if the crop 
turns out to be a loss? The definition would still hold inasmuch as 
commercial control would thereby contemplate the least net loss and 
in that respect would show a corresponding profit upon the specific 
control operations. In a case of this kind, had the measures repre- 
senting commercial control been omitted, the net loss would have been 
still greater—and, as a matter of fact, in many actual cases it has 
worked out that the ultimate object of control measures has turned out 
to be fully as much a reduction of losses as a definite increase in gain. 
In a paper published about twelve years ago! the writer indicated that 
the cost of control measures may even exceed the returns from the crop 
and still be necessary. , 

“What,” it may be asked, “‘is the status of the definition in cases 
where an anticipated insect outbreak does not take place?’’ Such 
situations occur very frequently—much to the distress of the ento- 
mologist who is conducting a demonstration test to prove the soundness 
of his recommendations. However, failure of the outbreak to occur is, 
in this respect, in the same category with drouths, excessively hot and 
dry winds, frosts, market failure, and other unforeseen contingencies. 
The normal expectations should govern the procedure to be followed. 
The proposed definition is not affected. If the normal expectations do 
not materialize it does not in any way affect the soundness of the 
procedures—though commercial control would then be as difficult to 
demonstrate as the benefit of any agricultural procedure if the crop is 
ruined by flood or frost. 

It may further be protested that many insect-control operations are 
performed when no tangible returns are expected, such as on lawns, 
golf greens, flowering ornamentals, shade trees or fruit trees not in 
bearing. In such cases, though it may be difficult to present specific 
figures to prove the point, the proposed basic definition would still 
apply. The term “net return’ may be in dollars, in potential value of 
the non-bearing trees, in pleasure obtained from ornamentals, in health 
from exercise or comfort from shade. In any event, the owner de- 
termines the value to him and commercial control to him is that control 
for which he considers the expenditures justifiably incurred. 


“When Does the Cost of Spraying Truck Crops become Prohibitive."” Jour. 
Ec. Ent. Vol. 10 No. 6 Dec. 1917. 
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Thursday Afternoon, November 21, 1920 


FURTHER STUDIES ON THE PROBLEM OF REDUCING THE 
NICOTINE UNIT CHARGE OF NICOTINE' 


By Rosert S. Fi-mer, B.S., Research Assistant, Rutgers University, 1929-1930 


ABSTRACT 

Results of laboratory and field tests show that unit charge of nicotine toxic to 
aphis is reduced to 1-4800 actual nicotine when % per cent (0.5 per cent) sodium 
oleate is used in spray mixture. 

Mr. E. R. McGovran,? working with sodium oleate and nicotine 
during the summer of 1928, obtained high percentage kill of Aphis pomt 
and Brevicoryne brassicae, when one-half of one per cent, (0.5%), sodium 
oleate was used with high dilutions of nicotine. 

As these experiments were carried out in the late summer when the 
vitality of the aphids used, might have been lowered, it seemed advisable 
to check his results with aphids obtainable early in the summer. 

ProcepurE. The following experiments were carried out in the 
laboratory at New Brunswick and in the field at Dayton, N. J., during 
May and June 1929 on Aphis spiracolae, Myzus cerasi, Aphis rumicts, 
Aphis pomi and Aphis sorbi. In view of McGovran’s experiments the 
strength of sodium oleate has been kept constant, at one-half of one 
per cent, (dry bases by weight), throughout the experiments. Nicotine, 
as “Black Leaf 50,’ has been used throughout the experiments. All 
nicotine concentrations have been expressed in terms of actual nicotine. 

The laboratory testing of aphids was carried out by a method similar to 
McGovran’s. The aphis were brought into the laboratory on infested 
twigs or leaves which were placed in bottles of water to prevent wilting. 
The infested twigs were sprayed until all surfaces were thoroughly 
wetted and all excess spray material was shaken off. The jars con- 
taining twigs were placed on strips of paper containing “tree tangle- 
foot”’ barriers, which were so placed that any aphids dropping from the 
twigs fell inside the barriers. Counts were made 24 hours after spraying 
and the per cent kill determined. In counting, all aphids that were 
able to make any movement whatsoever and those which had crawled 
into the tanglefoot barriers were counted as alive. 

LABORATORY Test. The first purpose of these experiments was to 
check any possibility of the high percentage kill obtained by McGovran 
as due to lowered vitality of late summer aphids. | 

McGovran obtained the following results in late summer of 1928 
with Aphis pomi and Brevicoryne brassicae. 


‘Paper of the Journal Series, New Jersey Agricultural Experiment Station, 
Department of Entomology. 
2?McGovran, E. R., N. Y. Entomological Society, V.— No. — pp. —. 
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Apuis—Brevicoryne brassicae 


Material No. Aphids % Kill 
Aphis pomi 
sodium oleate +1-—10,000 Nicofume................... 980 87.6 
% sodium oleate +1-20,000 Nicofume................... 260 99.5 


The following results were obtained in the laboratory during May, 
1929, with Aphis spiracolae, Aphis rumicis, Myeus cerasi and Aphis 


sorln. 
AVERAGES OF TABLES, TABLE 1 


Aphis Spiracolae 
Material Uséd No. Aphids % Kill 

4% sodium oleate+nicotine 7949 95.5 
sodium oleate+nicotine 3508 97.0 
sodium oleate +nicotine 2945 97.5 
%% sodium oleate +nicotine 550 98.5 
sodium oleate+nicotine 539 100.0 

A phis rumicis 
sodium oleate+nicotine 878 98.8 

Mysus cerasi 
% sodium oleate-+nicotine 1431 77.0 
%% sodium oleate +nicotine 991 98.0 

A phis sorbi 

%% sodium oleate+nicotine 1735 98.8 


These results (Table 1) for %% sodium oleate are slightly lower 
than those obtained by McGovran, but both sets of experiments show 
that high dilutions of nicotine when used with 4% sodium oleate give 
a high percentage kill of aphids. 

These experiments are not directly comparable with McGovran’s 
results as he used dilutions of 1-10,000 and 1—20,000 Nicofume which 
contains approximately 40% free nicotine. On the basis of actual nico- 
tine these dilutions would be 1 to 25,000 and 1 to 50,000 nicotine. 
That there may be a gradual lowering of the vitality of aphids as their 
life cycle proceeds, seems to be shown in tests with Aphis spiracola. 
Test made on May 6th showed a somewhat lower per cent kill than 
aphids tested the latter part of the month with the same material. 

Fietp Tests. The purpose of these experiments was to control 
Aphis pomi and Aphis sorbi under field conditions. A series of ex- 
periments were carried out by spraying branches of apple trees heavily 
infested with Aphis sorbi and Aphis pomi. In this experiment 4% 
sodium oleate with nicotine at the following concentrations was used, 


| 


February, '30] FILMER: REDUCING NICOTINE UNIT CHARGE 167 


1—10,000, 1-5,000, 1-2,500. The trees sprayed had a heavy coating of 
lead arsenate and sulphur, frequent observations were made to de- 
termine the amount of control and to detect any leaf injury which 
might occur. 

The results of these tests showed that very good control could be 
obtained in the field by using actual nicotine at 1 to 5000 or “Black 
Leaf 50” at 1 to 2500. At no time during the experiment was any 
foliage injury noticeable. 

The orchard block tests were carried out in a commercial orchard at 
Dayton, N. J., where power driven spray machinery was used. In 
these experiments commercial potassium oleate replaced sodium oleate 
which was not readily available. The commercial potassium oleate 
used contained approximately 40% water, was readily soluble in water 
if allowed to stand for a few hours. Nicotine as “Black Leaf 50’’ was 
used, with all concentrations expressed in terms of actual nicotine. 
Blocks of trees were sprayed and kept under observation for several 
days. The blocks selected contained about 40 nine year old apple 
trees, which were sprayed with various concentrations of potassium 
oleate and “Black Leaf 50”. Heavily infested branches were tagged 
after spraying and frequent observations made to determine the degree 
of control obtained. Control was considered good when all aphids 
appeared to be dead 24 hours after spraying and when there was no 
reinfestation due to reproduction after several days. Fair control 
denoted a high per cent kill but partial reinfestation due to reproduction 
after several days. 

In all cases where branches were tagged for observation care was 
taken to see that aphids had been thoroughly wetted. 

The spray was applied with spray rod, spray gun and Bean cluster 
in order to check any variations in wetting ability of the spray due to 
mode of application. 


CONCENTRATIONS OF POTASSIUM OLEATE AND “‘BLACK LEAF 50” 
UsED PER 100 GALLons SPRAY MIXTURE 


Potassium Oleate Black Leaf 50 Control 
4 lbs. 1/3 pints e N.G. 
5 Ibs. 1/3 pints Fair 
5 Ibs. 2/3 pints Good 
6 lbs. 1/3 pints Good 
6 lbs. 2/3 pints Good 


Note—Potassium oleate—approximately 40° H,0. 


These experiments showed that 4 lbs. and 5 lbs. of the commercial 
soap plus 1/3 pint of “Black Leaf 50” to 100 gallons of spray did not 
give complete control. It was observed that this concentration, while 
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toxic to the smaller aphids was not effective against the stem mothers, 
consequently a few days after spraying no check in the infestation was 
noticeable. 

Five pounds of soap and 2/3 pints of nicotine gave fair control, was 
more effective as it proved toxic to some of the stem mothers. 

Six pounds of soap and 1/3 pint of ‘““Black Leaf 50” gave excellent 
results, killing all aphids that were wetted. This concentration was 
noted to give better spreading especially in cases where the rosy aphid 
had curled the leaves. 

Six pounds of soap and 2/3 pints of “Black Leaf 50” also gave ex- 
cellent control but as the cost of this concentration was higher and the 
degree of control comparable to six pounds and 1/3 pint of nicotine 
the latter concentration was selected to spray remainder of orchard. 
Where six pounds of soap was used in the spray mixture, no difference 
was noticed due to mode of application. However when soap was reduced 
to five pounds much better wetting was obtained with Bean cluster or 
spray gun. Where the leaves were badly curled by rosy aphid much 
better wetting was secured with Bean cluster or spray gun. 

In all about 4000 gallons of spray was applied to foliage that had a 
rather heavy coating of lead arsenate and sulphur. At the close of the 
experiment three weeks after application of the spray there had been 
no foliage injury observed. 

An experiment to test for any toxicity of sodium or potassium oleate 
to foliage of peach or apple was carried on in the college orchard at 
New Brunswick during the past summer. 

Concentrations of .5% (%%) sodium and potassium oleate made up 
to various hydrogen ion concentrations with acetic acid and NaOH 
were sprayed on peach and apple foliage at weekly intervals over a 
period of two months. The hydrogen ion concentrations were varied 
from pH 4.0 to pH 8.0. At all concentrations tested no foliage injury 
was noticeable during the course of the experiment. 


SUMMARY 


Aphis spiracolae, A phis rumicis, Aphis sori, and Myzus cerasi were 
controlled in laboratory with one-half of one per cent sodium oleate 
plus 1-5000 actual nicotine. 

In orchard tests Aphis pomi and Aphis sorbi were controlled with 
6 pounds commercial potassium oleate (40% H,O) plus 1/3 of a pint 
of “Black Leaf 50” per 100 gallons. This concentration is equivalent 
to %% soap plus actual nicotine 1-4800. 
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In the orchard experiments where trees were sprayed while a fairly 
heavy coating of lead arsenate and sulphur was present on the foliage; 
no foliage injury was noticeable three weeks after application of the 
spray. 

The laboratory experiments checked in a general way McGovran’s 
work of 1928, in that it was shown, that low concentrations of nicotine 
when used with %% sodium or potassium oleate was toxic to aphids. 

Experiments showed that repeated sprays of sodium and potassium 
oleate were not toxic to foliage. 


RESULTS FROM THE USE OF NICOTINE IN THE CONTROL OF 
SUCKING INSECTS ON POTATOES ON LONG ISLAND 


By H. C. Huckett 
ABSTRACT 


This paper discusses in brief the efficacy of the average sprayer and duster under 
local conditions in combating aphids and leafhoppers with nicotine mixtures, as 
indicated by reduction in aphid population, condition of foliage with reference to 
hopperburn, and yield of tubers. 


Within recent years aphids' and leafhoppers? have become a serious 
menace to the growth and production of potatoes on Long Island. 
The two pests are firmly established wherever potatoes are grown and 
appear each year in greater or less numbers according to the peculiarities 
of the season. There are about 40,000 acres of potatoes raised annually 
of which it is estimated that less than 10 per cent receives any specific 
treatment for sucking insects other than bordeaux mixture, and that at 
least 60 per cent, or 24,000 acres, are left as unrestricted breeding and 
feeding areas for these insects. The importance of the problem is in- 
creased by the fact that this area is not scattered but is centralised 
around a few well defined locations and further that fully 95 per cent of 
such land has raised potatoes continuously for the past 10 to 40 years. 

Reliance has been placed in the past on spraying the foliage with 
bordeaux mixture as a protection against hopperburn, but not with 
altogether satisfactory results in recent years because the means and 
methods employed have gradually become inadequate to meet the re- 
quirements of larger potato fields and a greater intensity of insect migra- 
tions through increased population. 

As with many other farm problems of a similar nature, it is difficult 
to see how any improvement in insecticides can be of value to the indi- 


‘[linoia solantfolii Ashmead, Myzus persicae Sulz. 
*Empoasca fabae Harris. 
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vidual until there is more spraying or dusting done by the community 
and with equipment of greater capacity; nevertheless, there is a demand 
for information relative to the efficiency of nicotine sprays and dusts, 
as applied, in checking the development of aphids and leafhoppers under 
local conditions together with the effect of such operations on the yield 
of tubers. 

Aphids usually develop into threatening numbers shortly after the 
Green Mountain variety of potato has come into full bloom, a period 
during early July about 2% to 3 months after planting. The early 
variety, Irish Cobler, escapes to a great extent the effects of aphid 
and leafhopper injury because of its earlier maturity during July, and 
hence the results of experiments with the late variety, which matures 
during August, are only presented. Hopperburn appears usually during 
mid-July for the first time. The combined attack of these two insects 
during this month is sufficient to cause, in the majority of seasons, 
the destruction of much foliage by the first week in August where spray- 
ing has been carried on, and two weeks earlier where spraying has been 
discontinued. Under the best of conditions the premature killing of the 
foliage takes place three weeks before the normal time for its occurrence. 


TREATMENT. The nicotine spray* was applied by means of a 6-row 
traction sprayer fitted with 2 nozzles per row. The nozzles were placed 
to cover the “heart” of each row, being directed forwards and down- 
wards at a level with the top of the plants. In addition a half inch pipe 
was attached to the sprayer at a distance of two feet in front of the 
nozzles to brush the vines over. Such a rig served to prevent vine 
growth from interfering with the spread of the spray from the nozzles 
before reaching the foliage, and to aid in turning the foliage into such a 
position as to permit the spray to gain contact with the under-surface 
of the leaves. Pressure was maintained at about 200 pounds per square 
inch, and the mixture was applied at the rate of 80 to 90 gallons per acre 
per application. The nicotine dust‘ was applied by means of a 4-row 
self-mixing duster with distributors directed backwards in a horizontal 
plane to the ground at a level of about 2 feet. A canvas, 25 feet in 
length, was attached to the boom, and allowed to drag over the vines. 
In dusting care was taken to choose favourable conditions for operation. 
The mixture was applied at the average rate of 50 pounds per acre per 
application. The treatments with nicotine dust were made as an alter- 
native or substitute application for the normal copper-lime spray or 
dust applications. 

440 per cent solution of nicotine sulfate, 1 pint Bordeaux mixture, 100 gallons. 

“40 per cent solution of nicotine sulfate, 3 pints; dolomite, 10 pounds; hydrated 
lime, 50 pounds. 
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SEASONAL ConpiTions. A synopsis of the conditions as they occurred 
during the growing seasons of 1926 and 1929 in their relation to the ex- 
perimental plots follows. 


Effect of Number of Period of Numberof Most Harmful Pests 
Year Weather on Applications Treatment Nicotine and Diseases to 
Plant Growth (Inclusive) Applications Foliage 


1926 favorable 5 6/25-8/4 2 leafhoppers 
flea beetles (2nd brood) 


1927 favorable 6/17-8/6 7 leafhoppers 
flea beetles (2nd brood) 
aphids 

1928 favorable ( 6/21-8/16 late blight 

1929 unfavorable 6/6-7/30 aphids, leafhoppers 


RESULTS 


The results of the various treatments were recorded on three occasions, 
(1) immediately following each special application for aphids to de- 
termine the effect of the various treatments on aphid infestation, (2) 
at the close of the period of applications to compare the condition of 
the foliage in the various plots, (3) at digging to compare the yield 
of tubers. 

The percentage increase or reduction in the number of aphids on the 
foliage in the various plots following special treatments during early 
July is given in Table 1. 

According to the data given in Table 1 it will be seen that there was a 
marked variation in results except in the cases of nicotine dust treat- 
ment. The consistency and superiority of nicotine treatment in the 
dust form is all the more evident when comparisons are made between 
the respective treatments in the sprayed and dusted parts of the field. 
It is felt that the inferior results obtained in spraying with nicotine were 
in a large measure due to the inadequacy of the sprayer as rigged and to 
the inherent difficulties pertaining to treatment in spray form which 
depends for its success on wetting the insects as compared with fumi- 
gation. 


TABLE 2. PERCENTAGE OF HILLs witH “HEALTHY” FOLIAGE AT THE 
CONCLUSION OF THE PERIOD OF TREATMENT. 
Treatment i Series II 
1926 1929 1927 : 
Bordeaux mixture (4.6.50)... 65.6 11.1 : 40.2 
Bordeux mixture-nicotine 
15.9 36. 2 68.0 


6 565 

None (check)............. 37.6 9.6 

Copper-lime (20.80) : 36.0 47.6 
Copper-lime and nicotine 

79.3 


1928 
32.8 
22.4 
19.3} 61.6 619 50.1 15.2 
43.9} 408 286 99 114 
20.1] 45.6 60.2 46.3 29.0 
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The comparative condition of the foliage following special appli- 
cations during July for aphids and leafhoppers is represented in Table 2. 

According to the condition of the foliage, as indicated in Table 2, 
it is evident that the foliage in the treated plots remained much “‘greener”’ 
than that in untreated plot; that in this respect dust mixtures, as 
applied, averaged nearly as good results as spray mixtures. Plots 
dusted with nicotine dust averaged superior results in three of the four 
seasons, the inferior results in 1928 being largely due to late blight in- 
fection following the suspension of the usual copper-lime application in 
preference for nicotine dust in anticipation of aphid injury. In the 
case of plot sprayed with bordeaux mixture and nicotine spray the results 
indicated that there was little, if anything, to be gained by the ad- 
ditional use of nicotine in the spray mixture when applied by such 
means. In 1928, when late blight was prevalent, it was evident that 
the use of copper in combination with nicotine, as is compatible only in 
such spray mixtures, had a decided advantage over the alternative 
method of dusting with nicotine with the enforced omission of copper in 
such applications owing to incompatability. 

The yield of tubers from the various plots is given in Table 3-A. 


TABLE 3-A. COMPARATIVE YIELD OF U. S. No. 1 TUBERS FROM PLots DusTED 
AND SPRAYED WITH VARIOUS TREATMENTS, ESTIMATED IN BUSHELS PER ACRE 
Treatment Series I Series II 

1926 1927 1929 1928 | 1926 1927 1929 1928 
Bordeaux mixture (4.6.50)... 297 253% 98 276%! 207 181% 84 228% 
Bordeaux mixture-nicotine 
324% 106 219 214% 90% 227 
Bordeaux mixture-nicotine 
dust 317 —s 3316 133% 283 | 215% 242% 98% 222% 
None (check)............. 313 2 91 271%) 209 155 (a)65% 168 
(b)72 
Copper-lime (20.80)........ 285 99 27 219 169 984 196 
Copper-lime and nicotine . 
dust 303% 107 39306 | 237 «#4230 149 247% 
(a) Comparable check for sprayed plots. 
(b) Comparable check for dusted plots. 


TABLE 3-B. PERCENTAGE INCREASE OR REDUCTION IN YIELD IN COMPARISON 
WITH THE UNTREATED PLOT 
Treatment Series I Series II 
1926 1927 1929 1928 1926 1927 1929 1928 

Bordeaux mixture 

(4.6.50) 
Bordeaux mixture- 

nicotine spray... +3.6 + 9.1 2. +38.3 +38.1 435.1 
Bordeaux mixture- 

nicotine dust.... +1.2 +25.8 3.1 +50.3 +32.4 
Copper-lime (20.80) —8.9 +13.9 + 8. + 27/+ 47 + 9.0 +36.8 +16.6 
Copper-lime and 

nicotine dust.... — .3 +20.9 . 2.8 3.3 +48.3 +106.9 +47.3 


| 
| 
| 


+17.0 +28.2 +36.0 
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According to the yield of tubers it is evident that the most marked 
increases from treatment were obtained during the seasons 1927 and 
1929 in both series of experiments and in 1928 in Series II only. In 
these experiments the plots receiving applications of nicotine dust, 
whether previously sprayed or dusted, had much greater increases in 
yield in 9 out of 10 instances than any other treatments applied. On 
the other hand in 1926 and in Series I in 1928 there were comparatively 
little differences between treated and untreated plots. It will be noted 
that in Series I there were comparatively little or no increases in yield 
from plots sprayed or dusted with copper-lime applications, even where 
nicotine was added to bordeaux mixture for the better control of aphids 
and leafhoppers. Plots in this series were planted early in the season. 
In Series II there was a marked increase in yield from plots receiving 
such treatments, except in 1926. These plots were planted at mid- 


season. 
CONCLUSIONS 


Nicotine dust was superior to nicotine spray, as applied, in checking 


aphid development and hopperburn on potato foliage. These results 
were followed in the majority of cases by marked increases in yield of 


tubers. 


Such results were in a large measure due to the relatively simpler 
task of applying nicotine dust for a desired purpose as compared with 
the difficulties encountered in striving for the same results with a sprayer. 


PENETROL AS AN ACTIVATOR FOR NICOTINE 


By Joun L. HoeRNeER, Crop Protection Institute 
ABSTRACT 
Penetrol shows definite activation properties when used with Nicotine and does 
away with the disadvantages of soap. 


Thorough study of Penetrol, a sulfonated oxidation product of petro- 
leum, has shown many useful and desirable properties as a nicotine 
activator. The first uses of nicotine as a contact spray showed the neces- 
sity of an activator or a material which would effect a better contact 
of the nicotine with the insect. Since that time many materials have 
been tried for this purpose, but soap has been quite generally recom- 
mended. Notwithstanding the general recommendation for soap as a 
nicotine activator, it is probably true that because of the well known 
objections to its use, much less soap is used than is generally supposed. 
It is easy to understand this omission after one experiences the difficulty 
of dissolving soap, even in soft water. 
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In many sections the water available for spray solutions is quite hard, 
and the handling of the soap is far more troublesome. The solution of 
soaps in hard water is exceptionally difficult because of the formation 
of insoluble calcium and magnesium soaps on the surface of the pieces 
or particles of undissolved commercial soap. The calcium and mag- 
nesium precipitates formed in the hard water also tend to clog the spray 
nozzle. 

The use of soap with, before and after arsenicals has long been recog- 
nized as a questionable and hazardous spray practice,' and is generally 
not recommended by entomologists. 

Another important factor is the lack of standardization of the soaps 
commercially available to growers. Soaps are made from a wide variety 
of vegetable and animal oils which are saponified by many methods. 
Although the water content is specified it varies in different soaps from 
30 to 70% at the factory and changes appreciably after standing in the 
open for some time. The causticity of soaps varies considerably. Even 
if a soap of very definite analysis is recommended it is a difficult problem 
for the farmer to specify and to obtain the soap he wants. 

Penetrol is a free-flowing, easily miscible activator for nicotine. It 
does away with the agitation of soap in hot water, and the difficulties of 
solution in hard waters. ‘ 

A comparison of the compatibility of both Penetrol and soap in water 
of varying degrees of hardness is shown in the accompanying photo- 
graph. The Penetrol was first mixed with three times its volume of 
water before the final dilution was made. The soap was dissolved directly 
in the final volume of hot water. The photograph was taken after the 
dilutions had stood eight hours. It will be noted that there is no marked 
change in any of the Penetrol samples. The soap shows a variation 
from a clear solution in distilled water to a heavy curdy precipitate in 
the hard water. 

A study of the surface waters of the United States would seem to 
indicate that the maximum dissolved solids of a water for spray purposes 
would be somewhere in the range of 1000 to 2000 parts per million. 
Because of the difficulties in obtaining samples of natural waters from 
the various sections of the country, the waters used in the tests were 
made in the laboratory, and they are considered sufficiently satisfactory 
for the purpose. The following analysis was used as a basis of what the 
writer terms a moderately hard water: 

1Metcalf and Flint. Destructive and Useful Insects. 236, 1928. 

*Hardness of the Waters of the United States. Ind. and Eng. Chem., V. 12, p. 1181, 
1920. 
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Calcium Carbonate 

Calcium Sulfate.......... 
Magnesium Sulfate 

Sodium Sulphate.......... 
Sodium Chloride 25 


The following water samples were prepared in the above proportions: 
; Total Dissolved Solids 
Hard water 1670 p.p.m. 
— 


Moderately hard water 
Moderately soft water......... 415 
Distilled water 0 


The soap used was commercial potassium fish oil soap containing 30% 
water. 

No burning to foliage has resulted in any of the laboratory and field 
tests made with Penetrol-arsenical sprays. In these tests lead arsenate, 
Paris green, and calcium arsenate have been used with Penetrol diluted 
at the rate of 4%. 

A number of different tests have shown Penetrol to be compatible 
with Bordeaux. Although soap is used with Bordeaux in some places, it 
makes an illogical spray mixture because of the insoluble calcium soap 
formed which may clog the nozzle and counteract the very spreading 
properties that are needed. 

Penetrol is a definite standardized homogeneous chemical product. 
The following table is one of many obtained in the course of the writer's 
work, showing its comparison with soap as a nicotine activator: 

Comparative results obtained by spraying Penetrol-nicotine and soap- 
nicotine combinations on Macrosiphum sp. on Helenium sp. Temper- 
ature at time of spraying 75. Relative humidity 51. 


Materials Used Counted Insects ©, Dead 2 Days 

Penetrol 1-200, Nicotine 40° 1-800... 

Fish Oil Soap 1-200, Nicotine 40° 1-800... ... 

Penetrol 1-400, Nicotine 40°, 1-800 

Fish Oil Soap 1-400, Nicotine 40°] 1-800... ... 

Penetrol 1-200, Nicotine 40°% 1-4000......... 

Fish Oil Soap 1-200, Nicotine 40°, 14000... .. 

Penetrol 1-200, Nicotine Sulphate (40°% nicotine) 


In the above table the Macrosiphum was selected as an aphid that is 
more resistant to insecticides. 

The following data shows typical activation results. The weaker 
dilutions were selected to illustrate the activation principle: 


[Vol. 23 
4. 
1-800 167 98 
Fish Oil Soap 1-200, Nicotine Sulphate (40% 


Photograph showing dilutions of Penetrol an 


1 soap, one part to 200 parts of water differing in degree of hardness. 
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CHRYSANTHEMUM APHID, Macrosiphonella sanborni Gill 


Materials Used No. of “% Dead 2 Days 
Counted Aphids 
Penetrol 1-400, Nicotine 50°) 1-10,000........ 387 87 
Fish Oil Soap 1—400, Nicotine 50° 1-10,000. . . 173 14 
GREEN PEACH Apuis, Mysus persicae Sulz. 
Penetrol 1-400, Nicotine 50°) 1-10,000........ 154 89 
Fish Oil Soap 1-400, Nicotine 50° 1-10,000. . . 134 4 
Citrus Apuis, A phis spiraecola Patch. 
Penetrol 1-400, Nicotine 50°, 1-10,000. . 476 99 
Fish Oil Soap 1-400, Nicotine 50% 1-— 10,000. 289 89 


The use of Penetrol as an activator for nicotine has given consistently 
better results than potassium fish oil soap on all the species of aphids 
tested. 


LEAFHOPPER ASSOCIATION ON APPLE 
By W. J. SCHOENE, Entomologist Virginia Agricultural Experiment Station 


ABSTRACT 


A brief report of life history studies and field observations of the leafhoppers in 
Virginia apple orchards. Serious injury to fruit and foliage has resulted from the 
feeding of six species. The seasonal abundance of Empoasca fabae, E. maligna, 
Typhlocyba pomaria, Erythroneura hartii, E. obliqua, and E. dorsalis are given and 
thel ife history of the last three species at Blackburg, Virginia shown in chart form. 


Attention was directed to the problem by a general leafhopper infes- 
tation of apple orchards extending over a number of years. The injury 
was observed to be much more serious in some orchards than others. 
Certain well-cared-for plantings of apples were subject to infestation 
year after year. The insects were observed in all of the orchard sections 
of the State. Six species of leafhoppers have contributed to the injury; 
namely, Erythroneura hartit (Gillette), E. obligua (Say), E. dorsalis 
(Gillette), Empoasca fabae (Harris), E. maligna (Walsh), and Typhlo- 
cyba pomarta (McAtee). It was proposed in this study to determine the 
importance, seasonal occurrence and the life history of the several 
species. This paper includes a summary of the field notes and life 
history charts of the three species of Erythroneura. The work of a very 
few leafhoppers causes such serious curling of the leaves that the growth 
of the twig is greatly reduced. 

In addition to the curling of the foliage of the tender terminals, the 
older leaves are often badly stippled by the feeding of both the adults 
and the nymphs. When the insects are numerous the leaves are severely 
injured and become shell gray in color. Many of the leaves fall pre- 
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maturely and the fruit is seriously spotted so that its value is reduced. 
The leafhopper injury is usually more conspicuous during dry weather. 
It is believed that wet weather is unfavorable to the insects. 

The numbers of leafhoppers have varied greatly in different orchards. 
This variation seems to be due to the difference in the succulence of the 
foliage. The insects are usually more numerous in the orchards that 
receive good care. 

Tue Hasits anp Injury or Eacu Species. Empoasca fabae—This 
leafhopper is generally distributed in Virginia orchards. The injury to 
apple foliage has been previously described by Ackerman (1) and Ball 
(2). The tender leaves are badly curled. On apple the insect is pri- 
marily a pest of nursery stock but the nymphs can usually be found in 
the early season on the tender terminals of bearing trees. Their numbers 
decrease in midsummer. As the season advances the growth of the 
foliage becomes less rapid and also less attractive to this species. E. 
abae hibernates as an adult. This is the only one of the six species that 
confines its attack to the tender leaves. 

Empoasca maligna—This leafhopper seems to be generally distributed 
in Virginia but as a rule specimens are difficult to find. It has been 
collected in one orchard for three seasons and in 1927, was sufficiently 
numerous to cause injury. In this instance the adults were present 
from June 1 to July 10. The adults and nymphs feed on the older 
foliage causing the characteristic stippling. Adults inclosed in large 
lantern globes over apple at Blacksburg during the summer of 1928, 
deposited eggs. The eggs hatched in the spring of 1929, and the insects 
reached maturity in June. Our observations indicate only one brood. 

Typhlocyba pomaria—This species is generally distributed and often 
very abundant. It is the most injurious leafhopper in Virginia orchards. 
The life history is similar to that observed by Lathrop (3) in the Hudson 
Valley. The insect hibernates in the egg stage. The adults appear 
about May 20. The first brood is present in maximum numbers during 
the first two weeks in June, but each season they have been studied, 
many adults have been found with a parasite attached to the abdomen. 
The numbers of adult leafhoppers are soon reduced. The parasite is 
one of the Dryinidae. In some of the collections in 1927, as high as 70% 
were found parasitized. The adults of the second brood begin to appear 
about the first of September and during three seasons they have been 
very numerous that month. To find thirty nymphs and adults on the 
underside of a single leaf was not unusual. The collections and ob- 
servations indicate that there is a rather distinct gap between the periods 
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of the first and second brood of adults. It is believed that some adults 
continue to feed and deposit eggs until the first of November. This 
species attacks the older foliage. Some of the varieties are more serious- 
ly injured than others. Of the commercial apples, Stayman Winesap is 
most severely injured. 

Erythroneura hartii, E. dorsalis, and E. obliqua—will be considered 
together. Their feeding habits are similar in that they are generally 
found on the older leaves on the inside of the tree. The life history of E. 
hartit, E. dorsalis, E. obliqua have been studied during the past three 
seasons. The results are presented in Fig. 18. The economic im- 
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Fic. 18.—Relative abundance of adult leafhoppers at Staunton in 1927, and 
Erythroneura hartiit at Leesburg in 1922. 


portance of these species was first mentioned by Stearns (4). As soon 
as the leaves begin to separate from the developing apple bud in early 
spring the overwintering leafhoppers begin to feed. Later in the season 
they attack the older foliage. In rearing these insects in the laboratory 
it has been noted that they prefer the fully developed foliage. It is be- 
lieved that rains reduce their numbers, and that dry weather is favor- 
able. No insect or fungus parasites have been observed attacking these 
species. 

THE COLLECTION oF LEAFHOPPERS. To determine the species 
present and the relative numbers of each, collections have been made at 
intervals during the summer in several orchard sections. For the 
purpose of this report the collections made at Staunton in 1927, will be 
presented. The insects were sufficiently numerous so that they could be 
secured by a few sweepings witha net. The results are shown in Fig. 18. 
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The numbers collected being represented by the height of the line above 
the base. For the purpose of comparison the seasonal distribution of F. 
hartit at Leesburg in 1922, as indicated by Stearns (4) is reproduced. 
According to Stearns the overwintering adults disappeared June 9 
and the adults of the first brood began to appear during the first week in 
July. The height of abundance for this brood was apparently August 1, 
and the height of abundance for the second brood occurred during the 
last ten days of September. The collections made at Staunton in 1927, 
indicate a slightly different life history. The adults of FE. harti, E. 
dorsalis, and E. obliqua were collected at weekly intervals during the 
entire summer, although the numbers taken during June and July were 
small. From these records it is believed that E. hartii was largely one 
brooded in that year. This is accounted for by the difference in the 
seasons, as growth started about twenty days earlier in 1922, than in 
1927. As indicated in the chart adults of T. pomaria were present in 
large numbers during the first week in June but during the latter part of 
June a large percentage of these adults became parasitized so that at the 
end of the month there were very few living individuals present. 

Lire History Stupies. For three seasons leafhoppers have been 
reared in breeding cages in the insectary, in the greenhouse and in the 
nursery. During 1929, an effort was made to study the life history of 
the three species of Erythroneura in the insectary. The results are sum- 
marized in Fig. 19. The adults of the different species were collected 
in the orchard about April 20 and placed on apple trees planted in pots. 
The number of leafhoppers used in each cage varied. There were usual- 
ly six to ten females in each cage. The leafhoppers were permitted to 
feed and deposit eggs on the foliage of one tree for a number of days, 
after which they were transferred to another tree, the foliage of the 
original plant being watched for the appearance of nymphs. As these 
nymphs appeared they were transferred to other plants. By making 
frequent transfers of both adults and nymphs, it was possible to de- 
termine the time during which eggs were being deposited and the period 
during which nymphs were present. In Fig. 19 a number of dotted 
lines are used to show the continuous emergence of nymphs. In this 
life history study efforts were made to supply plants of uniform size 
with healthy foliage, but difficulty was experienced with apple scab 
and red spider. In some instances, the foliage dropped prematurely. 

It is believed that a period of twenty-five to thirty days is required 
for the eggs to hatch and a similar period for the nymphs to mature. 
The overwintering adults continue to deposit a few eggs each day over a 
long period, possibly as long as two months. The result is that nymphs 
are continuing to hatch for an equally long period. The first brood 
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adults of all three species matured about July 1 in 1929. The first adults 
to reach maturity deposited eggs, whereas, those adults which developed 
later did not deposit eggs during 1929. The same individuals were still 
present in the breeding cages at the close of the season. E. dorsalis 
and E. obliqua feed and deposit eggs readily on small apple trees growing 
in pots in the insectary. It appears that they do well on the tough 
leathery foliage which results when the trees are grown as described. 
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Fic. 19.—The life history of Erythroneura hartii, E. dorsalis, and E. 
obliqua at Blacksburg, Virginia in 1929. 

SumMARy—Of the six species found on apple, Empoasca fabae is the 
only one that confines its attacks to the tender foliage. It is rarely 
found on the older leaves. The young leaves are severely curled. F 
maligna has been unimportant during the past three seasons. TJ yphlo- 
cyba pomaria is the most injurious leafhopper, it passes the winter in 
the egg stage and has two broods. Erythroneura hartii, E. dorsalis, and 
E. obliqua are frequently present in large numbers. 
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THE ROSY APHID IN RELATION TO SPRAY PRACTICES 
By P. J. Parrott and Hucu Giascow, Geneva, N. Y. 


ABSTRACT 


Experiments carried out with lime-sulfur, bordeaux mixture and oil emulsions, 
containing nicotine extracts, against the rosy aphid are described. It is concluded 
that the newly-hatched nymphs are susceptible to timely applications, preference 
being given’ to lime-sulfur and nicotine sulfate at standard strengths. 


The rosy aphid (Anuraphis rosae) is one of the major pests of apple 
orchards in New York. The importance of the insect is shown by the 
record of the injury in a permanent plat of 13 unsprayed Rome trees 
in the entomological orchard on the Station grounds:—1921, 11.20 
per cent aphid apples; 1924, 46.36 per cent; 1925, 15.86 per cent; 1926, 
14.05 per cent; 1927, 47.40 per cent; 1929, 44.6 per cent. Severe in- 
festation causes marked depreciation in both yields and quality of 
the fruit. 

Each year tests are conducted with the object of answering certain 
pertinent questions bearing on the control of the insect. Some of the 
points on which it was hoped that such experiments would shed ad- 
ditional information are as follows: (1) The period at which the most 
effective control is to be obtained; (2) the limits of the period during 
which commercial control may reasonably be expected; (3) the com- 
parative aphiscidal merits of some of the common oil sprays; and (4) 
the merits of free nicotine as compared with nicotine sulfate when 
incorporated in oil sprays. 

The data obtained from a series of tests in one orchard only are pre- 
sented. However, it should be stated that the figures given are for the 
most part typical of the results obtained in other efforts. The orchard 
in question consists of 240 Greening trees 28 years old. The experiment 
provided for 21 treated plats and 15 check trees variously distributed 
thruout the planting. The susceptibility of the rosy aphid was con- 
sidered with respect to treatment with lime-sulfur and bordeaux mixture 
at standard strengths, each containing nicotine sulfate. Various oil 
sprays, with or without nicotine preparations, were also tested. The 
different sprays were applied under as nearly comparable conditions as 
possible at the rate of 10 to 12 gallons per tree. The spraying was done 
entirely from the ground and each tree, with respect to treatment, was 
completed at one operation. The work was done by the same operator 
and the different plats were sprayed as uniformly as it was possible to do. 
The treatments were timed with reference to different stages of blossom 
bud development. Certain applications were made when the tips of the 
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leaves of the more advanced blossom buds were projecting as much as 
one-half inch, while others were made before the pink color showed 
appreciably in the central buds of the blossom clusters. Treatments 
were also given at an intermediate period. The results, which are 
based on counts of over 250,000 apples are summarized as follows: 

Fifteen unsprayed trees with a total production of 26,280 fruits had 
18,692 centers of infestation in leaf clusters and terminal growth and 
13,627 aphid apples. The number of centers of infestation averaged 
1,246 per tree and aphid apples averaged 908 per tree. The percentage 
of aphid apples at time of picking was 51.65. 

Two plats, comprising 8 trees each, and sprayed with lime-sulfur 1 to 
40 with 1 pint of nicotine to 100 gallons of water yielded 17,081 and 
9,081 apples respectively. The total number of centers of infestation 
were respectively 280 and 790, with an average of 35 and 99 per tree, 
according to the plat. The total number of aphid apples was 48 and 280 
respectively, or 0.28 and 3.06 per cent of the yields. 

Of four types of oil sprays tested, only one preparation, a commercial 
brand, approximated the degree of protection obtained with the lime- 
sulfur and nicotine sulfate spray. Nine trees treated with the spray oil 
(4 per cent) yielded 13,176 apples of which 981 showed aphid injuries. 
Aphid apples constituted 7.49 per cent of the crop. The total number of 
centers of infestation of leaf clusters and terminal growth on the nine 
trees was 3,152, making an average of 239 centers of infestation per tree. 
According to the opinions of consulting fruitgrowers, the protection 
could be designated as “commercial control.” 

With combinations of lime-sulfur and nicotine sulfate, insecticidal 
efficiency varied with the nicotine content. At the rate of 1 pint of 
nicotine sulfate to 100 —* oa the spray mixture the percentage of 

aphid apples per tree was 0.28; 4 pint, 7.38; and 4% pint 12.46. With 
present knowledge 1 pint of nicotine sulfate to 100 ostitie of dilute lime- 
sulfur appears to meet practical needs, considering control of the pest, 
safeness of the treatment to the trees, and outlay of money that growers 
can reasonably afford to secure needed protection. 

No appreciable differences in insecticidal efficiency were noted be- 
tween nicotine sulfate and free nicotine, using as the carrier a lubricating 
oil emulsion (3 per cent oil) containing gum arabic as the emulsifier. 
The percentage of aphid apples on trees sprayed with nicotine sulfate 
was 7.02; with free nicotine 6.21. 

Nicotine sulfate in lime-sulfur proved consistently more effective than 
bordeaux mixture containing the same amount of nicotine sulfate. 

Certain oil sprays low in aphiscidal properties displayed improvement 
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in insecticidal efficiency upon the addition of nicotine sulfate. The per- 
centage of aphid apples on trees sprayed with paraffin oil (4 per cent) 
was 43.60; with paraffin oil (3 per cent) containing 1 pint nicotine sulfate 
7.02. 

To secure maximum control of the rosy aphid it is considered that the 
spray should be applied during the period following the separation 
of the tips of the leaves of the developing fruit buds and before the pink 
color shows appreciably in the central buds of the blossom clusters. 
Spraying in the late pink or calyx period has consistently given inferior 
control. 


THE EFFICIENCY OF VARIOUS INSECTICIDES IN CONTROL- 
LING THE BUD MOTH 


By S. W. HARMAN, Experiment Station, Geneva, N. Y. 


ABSTRACT 


The eye-spotted bud moth is a major apple pest in certain sections of western 
New York. Severe infestations are capable of defoliating orchards and destroying 
the crop. There are two periods when effective treatment may be practiced, namely, 
early in the spring when the overwintering larvae become active and during the 
summer when the eggs are hatching. In heavily infested orchards nicotine was the 
only material used to which the overwintering larvae were noticeably susceptible. 
Lead arsenate was apparently of little value early in the season, but in the summer 
during the egg hatching period thoro applications of either lead arsenate or nicotine 
were effective. 


As described in a previous paper! the eye-spotted bud moth (Spil- 
onota ocellana Schiff.) is a major apple pest in certain sections of western 
New York and is causing considerable apprehension among fruit- 
growers in that area. The insect attacks both fruit and foliage at two 
different periods during the season. In the spring the overwintering 
larvae feed on the tender foliage, blossoms, and newly set fruits and 
again during August the young larvae skeletonize areas in the foliage 
and attack the fruit. Badly infested orchards are often defoliated and 
the crop rendered practically worthless. 

A heavily infested orchard was used this past season to determine the 
value of our present spray program in combating severe bud moth out- 
breaks and to discover, if possible, other means of control. 

Lire CycLte. The bud moth has one generation each year. The 
winter is passed as an immature larva in a hibernaculum, usually located 
at the base of a bud or fruit spur. The caterpillars become active in the 


‘Harman, S. W. The bud moth in western New York. Journ. Econ. Ent. 22+; 
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spring about the time green tips begin to show on the buds. Prior to 
emerging an opening is made in one end of the winter shelter and when 
conditions are favorable the larva makes its exit and burrows into a 
dormant bud or enters at the tip where the green tissues are showing. 
As the leaf and blossom buds unfold they are tied together with silken 
threads, forming a shelter in which the larvae feed on the tender leaves 
and blossoms and later the newly set fruits. 

Full grown caterpillars pupate in the webbed clusters and the moths 
are active during July and the forepart of August. Eggs are laid mainly 
on the under surfaces of the foliage and the new brood of caterpillars may 
be observed about the middle of July. These larvae soon establish them- 
selves beneath silken shelters along the midribs on the lower leaf surfaces 
where they skeletonize small areas of the leaf and feed on those portions 
of fruits that come in contact with the foliage. The silken web is en- 
larged as feeding progresses so that the larvae are continuously pro- 
tected during the period. Later on in September the partially grown 
caterpillars leave the foliage and construct winter quarters in protected 
positions on the twigs and smaller branches. 

SPRAY PrRoGRAM. Attempts at control were directed against the bud 
moth at two different periods during the season: (1) In the early spring 
when the caterpillars were emerging from their winter quarters, and (2) 
during the summer when the new brood of larvae were making their 
appearance. 

SPRAYING FOR THE OVERWINTERING LARVAE. This past spring the 
caterpillars issued from their winter shelters during a period of four 
weeks, commencing when the green tips on the buds were first showing 
and continuing up to the time of the pink stage of the apple blossom 
buds. This emergence period was probably influenced by abnormal 
weather conditions. The first nine days of April, with one exception, 
were unusually warm and were followed by cool weather for the re- 
mainder of the month. This early warm spell was sufficient to start 
emergence of the larvae, but the cool weather immediately following 
checked their activities so that the emergence dragged along varying 
with temperature changes until the more seasonable weather in May 
brought out the remaining insects. 

The efficiencies of the various treatments were determined by count- 
ing leaf and blossom clusters and recording as either clean or infested. 

Nicotine was the one and only material that gave commercial control 
of the bud moth in the early season treatments. One pint of nicotine 
sulfate (Blackleaf 40) was hardly adequate to cope with a severe in- 
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festation, double this dosage being much more effective. When used 
with linseed oil or fish oil (one quart in 100 gallons) or with lubricating 
oil emulsions, the effectiveness of the nicotine was apparently increased. 
Larvae were found dead in the hibernacula as well as on the foliage 
treated with nicotine solution, which indicated that the caterpillars were 
susceptible to treatment just previous to emerging, and also after 
emergence if coated with the spray. 

The effectiveness of nicotine at various strengths when applied at the 
green tip, delayed dormant, and prepink stages is expressed in the 
following table: 


EFFICIENCY OF EARLY SEASON APPLICATIONS OF NICOTINE SULFATE AGAINST 
THE OVERWINTERING CATERPILLARS OF THE BupD Motu 


Amount and Time of Application Percentage of Clean 
Foliage Clusters 

1 pint at green tip; 1 pint at delayed dormant............ 84 
1 quart at green tip; 1 pint at delayed dormant........... 88 
1 quart at green tip; 1 quart at delayed dormant.......... 91 
1 quart at green tip; 1 pint at delayed dormant; 1 quart at 


Among the materials used in the early season treatments which gave 
little or no promise in combating caterpillars in heavily infested plant- 
ings, the following should be mentioned: 


Lime-sulfur solution 
Bordeaux mixture 
Lead arsenate 
Calcium arsenate 
Paris green 
Lubricating oil emulsions 

Lubricating oil emulsion saturated with gasetihinesbensene 
Miscible oil 


SPRAYING FOR THE SUMMER Broop oF LarvagE. In western New York 
three sprays are usually applied during the summer after the calyx 
application to control the codling moth. These treatments are made 
about the first and middle of July and early in August. During the past 
season the eggs of the bud moth commenced hatching by the middle of 
July, and by the last week in the month the hatching was at its peak 
point. The second cover spray was therefore applied at the beginning 
of the egg-hatching period, while the third cover spray or August-first 
application came after the major portion of the larvae had hatched. 
Experimental plats were laid out to determine the value of these sprays 
in controlling the summer brood of larvae. 
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The young caterpillars produce a characteristic type of leaf injury 
by skeletonizing small areas on the lower leaf surfaces, usually along 
the midrib, and the extent of infestation was determined by recording the 
number of leaves clean and infested. 

All spraying was done from the ground by directing the nozzle upward 
and outward from the center of the tree to coat the lower leaf surfaces. 

The following table gives the more outstanding results of the summer 
applications. It appears that lead arsenate controlled the pest when 
used in both applications and that nicotine sulfate was most effective 
when applied at the beginning of the egg-hatching period. 


EFFECTIVENESS OF SUMMER SPRAYS IN CONTROLLING NEWLY HATCHED LARVAE 


Material Date Applied Percentage of 
Clean Foliage 


Lead arsenate, 3 Ibs. in 100 gals................. July 18 58 
Lead arsenate, 3 Ibs. in 100 gals................. July 18 Aug. 1 93 
Lead arsenate, 3 lbs. in 100 gals. and July 18 Aug. 1 98 
Lead arsenate, 3 Ibs. in 100 gals. and |. 4a | 99 
nicotine sulfate, 1 pt..... July 18 
Lead arsenate, 3 Ibs. in 100 gals. and July 18 : 96 
nicotine sulfate, 1 pt. with 5 Ibs. soap.”......... Aug. 1 
Lead arsenate, 3 Ibs. in 100 gals. and July 18 86 
nicotine sulfate, 1 qt. with 5 Ibs. soap.......... Aug. i 
Bordeaux mixture with calcium arsenate, 2% lbs. 


ConcLusions. As a result of these studies it appears that there are 
two periods during the season when severe outbreaks of the bud moth 
may be effectively combated: 

1. Early in the spring just before and during the emergence of the 
overwintering larvae from their hibernacula. 

2. Later in the season from about the middle of July to early in 
August when the eggs are hatching. 

Nicotine was the only material used to which the overwintering larvae 
were noticeably susceptible. Arsenate of lead was apparently of little 
value early in the season, but in the summer during the egg-hatching 
period thoro applications of either lead arsenate or nicotine were efiec- 
tive. 
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NOTES ON THE PISTOL CASE-BEARER 
By L. M. Peairs and Epwin Goutp 


ABSTRACT 


An account of an unusual outbreak of the pistol case-bearer in the eastern pan- 
handle of West Virginia which the ordinary orchard spray practice of the region 
failed to control. Tests of different insecticides showed nicotine sulphate with 
penetrol to be most effective, applied just after the hatching period. An emergency 
application of 67,000 gallons of spray was made in one orchard for this insect. 


An unusual outbreak of the pistol case-bearer developed in the eastern 
panhandle of West Virginia during the past few seasons. While the 
insect is fairly easy to find all over the section, the severe infestation was 
localized in one orchard of about 4500 trees, 20 to 25 years of age in 
Jefferson County. The owner of the orchard states that the case- 
bearer has been doing considerable damage for at least four seasons but 
it was not until the season of 1927 that the attention of the Experiment 
Station was first called to the orchard. In 1928 some efforts to control 
the insect by modifications of the ordinary spray program were made 
but were largely unsuccessful. Still further application of the special 
materials in the regular spray treatments during the spring of the present 
year 1929 likewise failed to reduce the number of insects enough to 
prevent serious damage. Among the treatments tried in 1928 and 
the spring of 1929 were excessive strengths of lime sulphur; different 
kinds of miscible oils; the use of large quantities, up to 12 gallons to 100 
gallons, of arsenate of lead; use of nicotine sulphate and nicotine sulphate 
with Penetrol. 

The situation seemed to require special study so it was undertaken as a 
project at our field laboratory located at Inwood. Continuation of the 
tests of insecticides formed a part of this study while the determination 
of details of life history constituted the other part of the work. 

It seemed likely that the resistance of the insect to the ordinary spray 
treatments was due to two things: (1) its protective case which is virtual- 
ly impenetrable by any of the contact sprays, and (2) to its feeding 
habits. Early in the spring it feeds largely within the buds of the apple; 
later it feeds on the surface of the leaf but eats very small quantities 
of food and probably avoids surfaces coated with poison although 
that point was not definitely established. It was hoped, therefore, 
that we might be able to control it by spraying immediately after the 
hatching period before the young larvae had constructed their pro- 
tective cases. It was thought also that they might be more susceptible 
to the action of arsenicals during the early feeding period than they 
appeared to be in the spring. 


I 
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It was found that the insects continued to feed until about the middle 
of May and then began their preparation for pupation. The first pupae 
were formed May 22 and the first adults emerged on June 8. The 
emergence continued until about July 3. The majority of the moths 
appeared during the period from June 19 to June 21. Egg laying began 
on June 9 and continued through a period of about 27 days, the peak of 
oviposition being about June 21. The first hatching was observed on 
June 20; the majority of the eggs had hatched by July 14 but hatching of 
stragglers continued until after July 18. The eggs were laid on both 
surfaces of the leaves but the majority of them, 92.9 per cent, were 
placed on the upper surface of the leaf. The young larva hatches out 
through the bottom of the egg shell, eating its way into the interior 
of the leaf, where it feeds, for a period of about 3 days, as a miner. 
It emerges through a small hole on the under side of the leaf, with its 
first protective cocoon already partly formed. It continues to feed as a 
semi-miner, making a small hole through the surface of the leaf and ex- 
tending the body as far as it can reach inside the leaf to feed. Little, if 
any, feeding is done on the surface of the leaf during the late summer. 

Before October | the insect completes its cocoon and attaches it to a 
twig for the winter. This hibernation takes place during the period 
from September 20 to October 5. 

As soon as the feeding habits of the newly hatched larva were ob- 
served, it became obvious that an arsenical poison would probably be 
ineffective for the insect at this stage, so our tests were concentrated on 
various contact insecticides. These included nicotine sulphate, derrisol, 
pyrethrum compounds and oils. The first three mentioned were used 
alone and also with the penetrol as an activator. Varying results were 
secured, but in laboratory tests and controlled field tests, the kill with 
nicotine sulphate, 1-SOO, plus '2 per cent penetrol, was practically 100 
per cent. 

Penetrol was not yet on the market but arrangements were made to 
secure a quantity sufficient for an emergency treatment of the orchard 
affected. Spray rigs from a number of neighboring orchards were se- 
cured so that the application might be made in as short a period as 
possible. The spray was put on between July 17 and July 27, with 
weather conditions being ideal on the days when spraying was done. 
Results varied according to the efficiency of the spray outfits and of the 
men holding the nozzles, from less than 60 per cent kill to over 90 per 
cent. Average kill based on counts of 11,852 insects after the treatment 
was 78.92 per cent. The quantity of spray required to treat the orchard 
was about 67,000 gallons or more than 15 gallons per tree. 
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The results were considered to be very satisfactory and the treatment 
furnished a valuable demonstration of the fact that results in spraying 
depend very largely upon the manner in which the material is applied, 
as well as upon the material itself. The quantity of spray applied was 
probably more than twice as much as had ever before been put on in one 
treatment in this orchard and it is extremely probable that the infes- 
tation has been built up as a result of indifferent spraying and dusting. 
The orchard is well cared for in other respects, conditions are favorable 
for development of the insects, and the spraying has not been sufficiently 
thorough to keep them in check. Further tests of materials which may 
be added to sprays in the regular program to control this insect are in 


progress. 


TOXICITY OF SPRAYS AND SPRAY INGREDIENTS ON 
PEAR PSYLLA NYMPHS 


By F. Z. Hartzect, New York Agricultural Experiment Station, Geneva, N. Y. 


ABSTRACT 


Experiments were conducted on nymphs of the pear psylla, Psyllia pyripyri, with 
various combinations of the following ingredients: Bordeaux (2-40-100), nicotine 
sulfate, free nicotine, Derrisol, M-P Insecticide, white petroleum oils, pine oil, 
Hardwood neutral oil, and Penetrol. The trials were made in commercial orchards, 
using a large spray rig. All the ingredients showed toxicity toward psylla nymphs at 
the various strengths used. The percentage of dead nymphs varied directly with the 
proportion of white oil, but nicotine (1-3200) showed a certain toxicity which appears 
to be but slightly increased by larger dosages. The several ingredients when mixed 
seemed to increase the destructiveness of the resultant mixture by an amount equal 
to the sum of the specific toxicities of the components. It is indicated that the nico- 
tine content of psylla nymph sprays can be considerably reduced provided other 
toxic materials are added which do not react unfavorably with the nicotine. The 
percentage of white oil can be reduced in the spray mixtures if nicotine in pine oil 
or Hardwood neutral oil be added. Pine oil and Hardwood neutral oil show promise 
of reducing materially the nicotine content of the regular spray. Penetrol in bordeaux 
with reduced nicotine dosage was tested the most extensively and appears to be 
safe to foliage during the spring application if normal temperatures prevail. 


Two aspects of the investigation will be considered: (1) Tests of 
materials and mixtures whose effect on pear foliage was in doubt; and 
(2) trials of varying concentrations of nicotine in bordeaux and Penetrol.' 
The first series may be called ‘‘analytical tests’’ because an effort 


1Penetrol is an oxidized, sulfonated oil product manufactured by the Kay Labora- 
tories, Inc., West Nyack, N. Y. The material was kindly furnished by the makers. 
For a discussion of the properties of this product see Inman, M. T., Jr.—Sulfonated 
Oxidation Products of Petroleum as Insecticide Activators. Ind. and Eng. Chem. 
21 542-3. 1929. 
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has been made to determine the amount of toxicity that each ingredient 
contributes to a spray mixture. The second series may be termed 
“commercial trials’’ since they were large scale experiments under 
practical orchard conditions. In both series untreated plats and plats 
receiving the “regular spray,” consisting of bordeaux (240-100) and 
nicotine sulfate (1-800), were included for the purpose of comparison. 
However, before considering the results of the two sets it seems best 
to explain various details governing the experiments. 


TECHNIQUE OF THE APPLICATIONS 


All the trials were made in two commercial pear orchards, involving 
approximately 1100 trees treated, the trees being between 20 and 30 
years of age. Applications were made by means of a large orchard 
spray rig maintaining 350 pounds pressure. A spray-gun was used 
with the operator on the ground. The experiments were conducted 
when practically all the eggs of the pear psylla (Psylla pyripyri Forster) 
had hatched, at which time nymphs of the five instars were present. 
An abundance of honeydew covered the trees since the infestation was 
severe. Details as regards arrangement of plats and season when work 
was done can best be described under the discussion of the two series 


of tests. 


Series I. ExpeRIMENTS AIMED AT EVALUATION OF TOXICITY OF 
INGREDIENTS 


The objects of these trials were somewhat broader than the heading 
indicates. They may be summarized as follows: (1) A search for com- 
binations effective against pear psylla but cheaper than the regular 
spray; (2) determination of the safety to foliage and toxicity to nymphs 
of higher concentration of the petroleum ‘‘white oils’ than had previous- 
ly been used by the writer; (3) to determine whether the addition of 
nicotine to other materials would produce efficient control at reduced 
cost; (4) to learn what ingredients or mixtures are toxic to pear foliage; 
(5) tests of a number of commercial preparations, some of which had 
not been used previously on pear psylla. 

In 1928, Dr. E. R. deOng suggested to the writer the addition of pine 
oil? and small amounts of nicotine to white oils for the purpose of in- 


*This material was kindly furnished by E. W. Colledge, Jacksonville, Fla., thru 
the request of Dr. E. R. deOng. The brand is known as No. 33-B Pine Oil. 

*“Hardwood neutral oil” is a name given to a product secured in the refining of 
by-products from the destructive distillation of wood. It was furnished thru the 
kindness of the refiners, The Hardwood Chemical Co., Inc., Buffalo, N. Y. 
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creasing the toxicity to insects with dilutions of white oil that would 
be safe to tender foliage. Mixture A was an attempt to follow this 
suggestion. Mixture B was devised to test the insecticidal value of 
Hardwood “neutral in the same manner. 

During the spring of 1929 tests were made on pear trees on the Sta- 
tion grounds to determine the effect of some of the untried materials on 
pear foliage before attempting to use them in commercial orchards. 
Unfortunately, the trees were not infested, so the psylla experiments 
were conducted at the time of the summer brood (July). Since there was 
a total of 46 plats in this series, from four to eight trees were used for 
each test, the smaller number being used when testing materials whose 
safety to foliage was decidedly in question. Sample spurs were taken 
at random from every tree, and the live nymphs were counted previous 
to and after the applications. The data on check trees showed that 38.9 
per cent of the psylla nymphs had disappeared between the beginning 
and end of the tests. Inasmuch as the time of initial counts, spraying 
and recounting was kept, it was possible to make corrections of the 
data to allow for natural decrease. 

It is impossible in the space allowed to discuss all the tests, so only 
those showing general principles will be considered. Some of the results 
are shown in Table 1. 

It may seem remarkable that water accounted for a loss of 34 per cent 
of the nymphs, but it should be noted that the spraying was done under 
a pressure of 350 pounds with a spray-gun. It is presumed that much 
of this loss was due to dislodging the insects. Bordeaux produced a 
loss of 65 per cent. As in previous unreported experiments, white 
oil (2 per cent) did not give very good results, but the addition of bor- 
deaux slightly increased the kill. White oil (2.5 per cent) gave control 
comparable to the regular spray. It will also be noted that the addition 
of nicotine (1-3200) to white oil (1.5 per cent) in bordeaux gave very 
good results. Pine oil and neutral oil each showed considerable toxicity 
toward psylla nymphs, and this was increased by the addition of nicotine 
(1-3200). When bordeaux was added to the latter mixtures, the results 
were excellent. Derrisol (1% pints per 100 gallons) alone was not 
very effective, but the addition of bordeaux brought the killing effi- 
ciency equal to that of the regular spray. Mixtures A and B were 
decidedly toxic, and it is reasonable to suppose that had these mixtures 
been used with bordeaux the control would have been higher. Mixture 
A seems to support the claim of Dr. deOng that the addition of pine 

oil and nicotine to white oil increases the toxicity to insects and permits 
lower concentrations of the petroleum white oils. 
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Perhaps the most striking results are shown in the last column of 
figures. These were secured by subtraction. For example, water gave 
a kill of 34 per cent and bordeaux showed a decrease of 65 per cent. 
This indicates that the lime and copper sulfate (called ‘“‘bordeaux’’ 
for brevity) had a toxicity that was responsible for the death of 31 per 
cent of the nymphs. Similar reasoning and computing applies to the 
othér ingredients used. When employed with white oil bordeaux showed 
little increase in kill over the oil alone. Similar effects were observed 
when bordeaux was added to other mixtures except with Derrisol and 
perhaps with pine oil and nicotine, where the bordeaux seemed to add 
an efficiency equal to that obtained with bordeaux and water. 


Rather startling results are shown in regard to the toxicity of nicotine. 
It will be noted that, with one exception all concentrations used, when 
added to other materials, seemed to increase the loss by percentages 
ranging between 21 and 25. If all the results with nicotine (1—3200), 
some of which have not been given in Table 1, are averaged, the mean 
is 24 per cent. Another notable result is the fact that the various 
concentrations of nicotine, Derrisol (1-533), pine oil (1-100), and 
Hardwood neutral oil (1-100) gave toxicities that are quite similar. If 
chemical or physical combinations occurred between the nicotine and 
the other materials or if “‘activation”’ of nicotine took place, the results 
do not seem to indicate it. Apparently in all dosages using more than 
\%4 pint of nicotine per 100 gallons the excess nicotine was unnecessary so 
far as the effect on the nymphs was concerned. However, data not 
included here seem to indicate that the heavier dosages of nicotine 
assist in preventing reinfestation. In general, it appears that the toxic- 
ity of the several materials is addative and that either each material kills 
the insect or reaches the insect’s body in a specific manner. This is 
shown by an analysis of Mixtures A and B. If the assumption be made 
that the effectiveness of white oil decreases in the same proportion as 
shown for Sprays No. 4 and 5, and that the wood oils (pine oil and 
neutral oil) kill in proportion to the concentration, it will be noted that 
the expected kill of the two mixtures is as follows: 


Percentage of Nymphs Killed by Ingredients 
Ingredient Mixture A Mixture B 

34 
White oil (1%) 27 
Wood oils (Pine oil) 4 (Neutral oil) 
Nicotine (1-2400). .. 24 2 
Expected kill 89 
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All the plats had practically the same amount of foliage injury, which 
was light, so it is presumed that psylla feeding previous to treatment 
was responsible for the effect. 


Series II. ExpERIMENTS WITH PENETROL 


During the winter of 1928-29 this material was suggested to the 
writer for use against pear psylla. Considerable investigational work 
with Penetrol had been done previously by workers at other stations, 
so something was known of its safety to foliage when used with bordeaux 
and nicotine. Since it offered promise of reducing the cost of summer 
psylla sprays, a rather extensive test of the material was made in two 
pear orchards near Geneva in 1929. The results in only one orchard 
will be considered. In this series the spring application consisted of 
the following mixtures: 

1. Bordeaux (240-100) and nicotine sulfate 1-800. 

2. Bordeaux (2-40-100); Penetrol 1-200; nicotine sulfate 1—1067. 


3. Bordeaux (240-100); Penetrol 1-200; nicotine sulfate 1—1600. 
4. Bordeaux (240-100); Penetrol 1-200; nicotine sulfate 1-3200. 


The plats were arranged according to the ‘‘chessboard” or ‘Latin 


square” system.‘ There were four replications of each mixture, making 
a total of 16 plats. This was done to compensate for variation in infesta- 
tion. At the time of the summer applications a slight change was 
made: one set of plats was divided to allow a test of the mixture con- 
taining nicotine 1-800. Data was taken at the time of the summer appli- 
cation in the same manner as described for the first series. At the time 
of the spring application no counts were made previous to the treatment, 
but from 3 to 7 days after the spraying was done counts of live nymphs 
were made on all the plats and on the check plat. No “analytical” 
tests of Penetrol were made because the intensely hot, dry weather 
caused such a rapid transformation of the nymphs that the experiment 
had to be curtailed to secure dependable data. 

The experiments of this series indicate that practical control of pear 
psylla may be secured with reduced nicotine content by the addition 
of Penetrol (% per cent). Penetrol caused no foliage injury during 
the spring. Some foliage injury occurred on all the plats, including 
the regular spray, following the summer treatment, and was some- 
what more serious on those trees on which Penetrol was used. The 
intensity of the injury was related to the number of psylla present 
previous to the spraying. The hot, dry weather was probably a factor 


‘It is planned to give an account of this arrangement in a later issue of this JOURNAL. 
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in producing these effects. However, until more is known regarding 
the susceptibility of pear foliage, it seems best to recommend this 
preparation for use only during the spring application when cooler 
weather normally occurs. 

The results in one orchard are shown in Table 2. 


TABLE 2. EFFICIENCY OF SPRAYS CONTAINING NICOTINE OR NICOTINE AND 
PENETROL ON PEAR PSYLLA 


Percentage Killed 
Mixture Spring Application Summer Application 
Uncorrected Uncorrected Corrected 


Bordeaux;* nicotine sulfate 1-SO00T..... 98.1 99 99 
Bordeaux; Penetrol 1-200; nicotine 

sulfate 1-800]... —— 95 92 
Bordeaux; Penetrol 

sulfate 1-1067...... 99.9 99.6 99.6 


Bordeaux; Penetrol 
sulfate 1-1600........ 99.5 9S 97.5 


Bordeaux; Penetrol 1-200; nicotine 
sulfate 1—3200 98.8 96 95 


*The bordeaux mixture used in all the tests consisted of copper sulfate 2 lbs.; 


hydrated limé 40 lbs.; water 100 gals. 
tThis is the regular foliage spray for pear psvlla recommended in New York. 
{Dashing rain occurred before spray had dried. 


CONCLUSIONS 


A certain maximum kill of psylla nymphs appears to be secured with 
a small amount of nicotine. The minimum amount of nicotine neces- 
sary was not determined by the trials. Increasing the nicotine content 
above the maximum necessary either does not increase the toxicity 
of the spray or, at least does not seem to increase it in proportion to 
the amount used. 

Derrisol (1-533), pine oil (1-100), and Hardwood neutral oil (1-100) 
seemed to have had about the same toxicity as free nicotine (1—3200). 

Apparently, increase in effectiveness of a spray for psylla nymphs 
must be secured not by an increase of nicotine content but by the 
addition of other toxic substances that will not affect adversely the 
toxicity of nicotine. 

The regular spray mixture consisting of bordeaux (2—40—-100) and 
nicotine sulfate owes a part of its destructive capacity on psylla nymphs 
to the bordeaux and a part to dislodging of the insects by the pressure 
and volume of the spray. 

It appears that the toxicity of the regular spray can be maintained 
or even increased by lowering the nicotine content, but at the same 
time adding other materials that are toxic to the insect but which do 
not react unfavorably on the nicotine. The experiments indicate that 
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Penetrol, white petroleum oils, pine oil, and Hardwood neutral oil pro- 
duce these results when added to the regular spray. Of these, Penetrol 
and white oils have been the most extensively used on pear foliage. 

Excepting Penetrol, whose specific toxicity toward psylla nymphs 
was not tested, the materials just listed, as well as bordeaux and nico- 
tine, appear to add their specific toxicity to each other when mixed 
together except that mixtures of white oil and bordeaux do not give 
the full value of expected toxicity. This indicates that it may be pos- 
sible to compound sprays for pear psylla nymphs by the addition of 
specific toxicity of ingredients provided incompatible substances are 
not included. For this reason the term ‘‘activator’’ of nicotine does 
not seem to be fitting for the ingredients “‘analyzed.’’ Perhaps it would 
be better to say that they act by the principle of summation. 

White oils appear to vary in killing power for psylla nymphs in 
direct proportion to the concentration. If used without other ingredi- 
ents, they should generally be used at a 2.5 per cent concentration of 
oil to be effective in controlling the pest. If used at lower concentra- 
tions, their effectiveness can be fortified by the addition of nicotine or 
nicotine in pine oil or in Hardwood neutral oil. 

Owing to the high specific toxicity of pyrethrum extract (M-P 
Insecticide 1-560) and Derrisol 1-533, in these tests it may be possible 
to compound these ingredients with other materials to secure economi- 
cal mixtures that will be effective against psylla nymphs. 

Pine oil (1 per cent) and Hardwood neutral oil (1 per cent) when added 
to the regular spray with reduced nicotine content, promise to give very 
good control. 

The use of Penetrol (% per cent) in the regular spray appears to 
make possible the use of a lower nicotine content. 

Altho the results given above indicate that economies may be effected 
in psylla sprays, considerable additional experimentation is necessary 
before definite recommendations can be given regarding the best 
mixture to use, considering safety to foliage, toxicity to psylla nymphs, 
repellent effect on the adults, cost and convenience of application. 


SOME NOTES ON DUSTING CUCUMBERS 
By P. J. CHapMAN and G. E. Goutp, Virginia Truck Experiment Station 
ABSTRACT 

Preliminary tests made in 1929 show that cucumber plants dusted for control 
of cucumber beetles and downy mildew average smaller (yielded less in case of 
downy mildew) than those treated while dry. The dusts include: Hydrated Lime, 
Gypsum, these two with Calcium Arsenate, Sodium Fluosilicate, Calcium Fluosili- 
cate, and “Copper-Lime.” 
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Eight dusts were applied to cucumbers in 1929 to determine their 
efficiency in protecting this crop from the early attack of the cucumber 
beetles, Diabrotica vittata and 12-punctata. Another consideration, which 
proved to be the dominant one, was to measure the extent to which these 
materials inhibited plant growth. These, of course, are not new ob- 
jectives. The present paper is merely a preliminary report on a some- 
what different method of studying these apparently ubiquitous problems. 

The arrangement of plats in the experimental field is illustrated 
in Table 1. There were twenty-two rows 555 feet long spaced five feet 
apart. The check area comprised the six middle rows and extended 
the entire length of the field. Treated plats were 1/55 of an acre, con- 
sisting of four rows, each 39.6 feet long. All dusts were represented in 
two, triplicated series. One series referred to as ‘“wet’’ received treat- 
ments between 5 o'clock and 7 in the morning when the plants were moist 
with dew; the other, or the ‘‘dry”’ series, was dusted later in the morning 
after the dew had disappeared. es 

The seed was drilled in rows to conform to the commercial practice 
in this locality. Two thinnings were made. The first was on May 24, 
the earliest date we could be assured that all, or practically all, of the 
seedlings had come up or were visible. At this time the plants were 
carefully thinned to about 4 inches apart. A count made of the plants in 
all plats showed an excellent ur‘formity of stand throughout. The plats 
were thinned a second time on June 19 when the plants had begun to 
“vine.”’ The plants removed were counted and weighed. A separate 
count and weight was taken of each 39.6 foot row or representing a total 
of 264 units. A crew of nine, including the writers, took these data 
in the field. All weights were recorded within three or four minutes 
after the plants had been pulled. 

Treatments were made by the writers on the mornings of May 22, 27, 
31, June 5, and 12. We used rotary hand dusters of the same make and 
model. A separate record was taken of the amount of dust applied 
to the individual plats at each dusting—a total of 240 weighings. There 
were naturally some differences in the amounts of the several mixtures 
applied due to differences in density and in physical properties. The va- 
riation in application rate for a particular dust, however, was slight. 
Gypsum, as is well known, is not easily blown from a dusting machine: 
it weighs about twice as much as an equal volume of hydrated lime. 
Calcium Fluosilicate (“‘Special” Extra Light, Victor Chemical Co.) 
was the lightest dust used, being about 20% less dense than hydrated 
lime. In its application, however, we invariably used more by weight 
than we did lime. An attempt was made to give all plants an equal 


Fe 
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covering regardless of how much material was needed to accomplish this 
result. Less material appeared to ‘“‘stick’’ to the plants in gypsum and 


TABLE I 
Average Weight of Plants in Grams Removed at Thinning 


la 1D ck il 2D 
26.4 34.0 2542 25.1 2529 
4D aa ck 2 3a 3D 
22.3 23.2 25.7 27.3 28.7 Explanation 
Wdusts appli h 
5a 5D Ck 3 6D ow 
29.0 30.3 29.0 23.6 18.8 
*D dusts applied when plants 
dry. 
8D 8a Ck 4 78 7D 
26.7 00.0 27-1 Bied 35.5 le Hydrated lime 
—— 2. Gypsum 
6D oo” ck 5 la 1D 3. Hyd. lime 20 lbs. 
32.4 19.7 2722 32.8 38.7 Calcium arsenate 1 lb. 
4. Gypsum 20 lbs. 
2D ou Ck 6 8D cw Calcium arsenate 11d. 
35.5 37.4 2949 28.9 00.0 5. Hydrated lime i8 lbs. 
Caloium casienate 2 lbs. 
| 74 cx 7 aD Calcium arsenate 1 1b. 
33.5 31.8 31.3 33.7 28.4 6. Monh. copper 
Sulphate 15 lbs. 
as Calcium arsenate 15 lbs. 
3D 34 Ck 8 5D 5a Hydrated lime 70 lbs. 
38.7 39-0 3308 | | 3565 7. Calcium fluosilcate 
8. Sodium fluosil- 
4D aa ck 6D cate 1 lb. 
30.6 31.1 3104 25.5 29.3 Hydrated lime 2 lbs. 
7a 7D ck 10 lw iD 
38.5 37.8 35.5 31.8 38.3 
8a D ck ll 5a 5D 
00.0 90.3 40.0 41.2 49.5 
2a 2D ck 12 3D 34 
30.9 39.2 36.0 47.5 41.0 


calcium fluosilicate plats. More dust unquestionably adhered to the 
plants when they were moist, although the amount blown from the dust- 
er was in reality slightly less than in dry applications. 
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The application rate of the hydrated lime, copper-lime, and sodium 
fluosilicate products was approximately 30 pounds per acre. About 45 
pounds was the acre-rate for calcium fluosilicate, and with gypsum our 
records show the rate to be 100 pounds, although the wastage in the 
application of gypsum with a dusting machine is large. 

Our tables show, particularly No. 2C, that the plants treated when 
they were moist with dew averaged smaller, regardless of what dust was 
used. These differences range from sodium fluosilicate, where plants in 
the wet series were killed outright to gypsum and calcium fluosilicate 
plats where the differences have odds of less than 30 to 1, and there- 
fore, from a statistical viewpoint, may not be considered significant.' 

Since the wet and dry plats are paired (see Table 1) this also permits 
of a biometrical analysis by Student’s method.’ In this particular ex- 
periment, if Student’s method is employed, we are forced to use only 
one-fourth of the variates included in the probable error treatment. 
One would expect that the reduction to three variates, in the case of 
Table 1 data, would rather obscure the true conditions. However, 
both methods agree on what is significant throughout except in the case 
of the copper-lime dust where three variates apparently were too few to 
bring out what the probable error concept with 12 variates has shown 
to be a distinctly significant difference. 

Use or Copper-Lime Dusts. An epiphytotic of cucurbit downy 
mildew, Peronoplasmopara cubensis (B & C) Clint. caused severe loss in 
this area in 1929. The presence of this disease was detected in the cu- 
cumber beetle plats on June 23, or at a time when the plants were still 
small (15 days before first picking). Our chances of procuring reliable 
yield data from the plats as they reflected the influence of cucumber 
beetle dusts did not appear bright, so we abandoned this objective and 
re-divided the field into seven plats with the object still of carrying 
out the idea of the effect of dusting dry and wet plants, but using in this 
case, of course, a fungicide. 

Dustings for the control of the mildew were made with a traction 
machine, treating two rows at a time and going over these rows twice, 
driving in opposite directions. Three applications were made: June 27, 
July 3-4 and July 12-13. For the first dusting, a 15-15-70 mono- 
hydrated copper sulfate-calcium arsenate-hydrated lime dust was used, 
and for the other two a 20-80 mixture without the poison. The rate of 


'Bessel's formula of computing probable error where variates are 12, ‘“‘Gaussian’s”’ 


with those of 24 or more. 
*Student. Biometrika, 6: 1-25, 1908. Ibid., 11: 414417, 1917. Love and Brunson, 
Am. Soc. Agron. Jour., 16: 60-68. Ibid. Love, 16: 68-73. 
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application was between 70 to 75 pounds per acre. These large amounts 
were purposely used because of the preliminary nature of the experiment, 
the purpose being to accentuate any differences that might be inherent 
and, since mildew spots were already present, it was decided that the 
test should not be invalidated by the possibilities of under-dosage. 


TABLE 3. A ComPARISON OF DusTING WET AND Dry PLANTs WITH 
Copper-LIME FOR CONTROL OF Downy MILDEW 


Plat Condition of Plants Received Cucumber 
When Dusted Beetle Dusts : i Culls 


. Not Dusted Y 243 
*Actual area about 45° of experimental field. Comparable data given. 


Discussion. We hope that this presentation of our preliminary tests 
and experimental methods will influence others, especially those in 
different climatic areas, to check our findings. Cucumber beetle damage 
was unimportant in 1929 as one may see from the data in Table 1 on 
untreated plats. The differences in size (weight) among the treated 
plats may be interpreted, therefore, as being due primarily to the re- 
action between plant and dust rather than the degree of protection 
these materials afforded against insect attack. Plants treated with 
gypsum, either wet or dry, averaged smaller than plants receiving hy- 
drated lime while dry. This point surprised us in view of the superior 
results workers in other areas have had with gypsum. 

The differences in plant-weight between those treated wet and dry is 
probably attributable to several causes none of which may be truly 
analyzed from these data. It is, of course, apparent that more material 
adhered to plants dusted while wet. And, unless toxic materials are put 
into solution, as was probably the case with sodium fluosilicate, the 
generally smaller size of “‘wet’’ plants may be due simply to the degree 
that metabolic activities are interfered with, a condition that would 
normally result from the presence of any finely divided foreign matter. 


HYDRATED LIME IN SUMMER SPRAYS FOR THE CONTROL OF 
THE ORIENTAL FRUIT MOTH, A SECOND REPORT 


By L. A. Stearns and R. B. NEISWANDER 


(Withdrawn for publication elsewhere) 


Yield 

1 Dry Yes 616.5 604 1244 

2 Dry Yes 619.5 608 1240 

3 Wet Yes 490.5 426 1126 

4 Wet Yes 444.5 357 989 

5 Dry No 532.0 419 1315 

; rot 23° 947 
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WORK DONE ON THE PARASITE, MACROCENTRUS ANCY- 
LIVORA, AT THE ORIENTAL PEACH MOTH LABORATORY 
AT MOORESTOWN, NEW JERSEY, DURING 1929 


By H. W. ALLEN, Moorestown, N. J. 


(Withdrawn from publication) 
ORIENTAL PEACH MOTH CONTROL STUDIES IN 1929 
By Puitie GARMAN 
ABSTRACT 


Field experiments in control of the Oriental peach moth, Laspeyresia molesta, in 
1929 showed no control for tale dust and slight reductions for lime and oil combina- 
tions. Laboratory ovicide experiments under insectary conditions showed good kill 
for oil preparations, particularly oil and pine oil combinations. 


During the past season we conducted experiments in field and labo- 
ratory in the control of the Oriental peach moth, Laspeyresia molesta. 
In our field experiments, a four-acre orchard near our Mt. Carmel 
farm was leased and in addition a smaller plot of the same variety was 
used on the Station farm, this being about one-fourth mile from the 
other. Some of the treatments were begun in June and repeated every 
ten days until August; others were begun in August and repeated at 
weekly intervals until harvest. Our results are shown in some detail 


in the following table: 
Treatment Total Percent Average per cent 
Fruits Infested Infested 
Tale dust 188 40 
287 3: 
315 < 28.2 
304 
308 


White oil emul., Pyrethrum soap 


(3) 


White oil emul., Nicotine sulphate 


Lime 86 34 
146 22 
(2) , 255 27 19.9 
455 21 
627 13 
81 27 
87 19 
| 104 24 19.5 
117 ll 
146 18 
| 77 9 
100 9 
(4) 181 14 16.0 
187 23 
223 17 
Check 63 28 
- 85 25 
175 16 
(5) 227 34 22.2 
247 28 
285 18 
338 14 
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In addition to the treatments given in the table, eight large Elberta 
(Plot 6) trees in a block of 20 were sprayed with white oil emulsion at 
.83 per cent oil content without additions. Two trees from treated 
and check lots were counted with the result that seven per cent of those 
treated were injured; whereas, 20 per cent of the untreated were found 
to be infested. Thus, in two out of three experiments using white oil 
emulsions, there was considerable reduction in injury by the Oriental 
peach moth. 

The experiments mentioned consisted of four sprays and one dust, 
the dates of the various applications and their concentration and dosage 
being as follows. A power spray was used, furnishing 200 pounds, the 
trees sprayed from the ground with rods and nozzles. 


Material Amount per 100 Dosage Dates of Treatments 
Gallons per tree 
1. Tale — 2-3 Ibs. June 7, 17, 28, July 8, 18, 31, 
Aug. 9, 16, 23, 30. 
2. Lime 

(Masons hydrated) 40 pounds 2-4 gals. June 7, 18, 28, July 8, 18. 
3. White oil emul.' 1 gal. (.83% oil) 

Pyrethrum soap 1.25 pints 2-4 gals. July 31, Aug. 9, 16, 23, 30. 

4. White oil emul.? 1.5 gals. (1.2% oil) 
Nicotine sulphate 1 pint 2-4 gals. July 31, Aug. 9, 16, 23, 30. 
5. White oil emul.’ 1 gal. oil)  S8gals. July 31, Aug. 9, 16, 23, 30. 

‘Heavy oil; Viscosity 108 Saybolt. 

*Light oil; Viscosity 50 Saybolt. 

Counts were made from split fruits only, all dropped and picked fruits 
from five or more trees being considered. The trees selected had vary- 
ing amounts of fruit and it will be seen that there is a considerable in- 
crease in infested fruit as the number of fruits per tree decreases. There 
are, of course, some deviations (Plot 4 especially) from this trend but 
for the most part the greater amount of fruit per tree, the smaller the in- 
festation. Complete counts are therefore given. Our results with 
hydrated lime and tale dust were disappointing, there being slight or no 
increase of sound fruit in these plots. The oils showed more promise, 
but there is not enough difference here to justify their recommendation 
at present and their cost is prohibitive. The season of 1929 was a dry 
one in Connecticut and results obtained this year should be optimum 
for most materials. Rainy seasons would doubtless influence the 
amount of control, and might eliminate any differences obtained this 
year. 

No injury was seen on any of the trees although they were carefully 
examined from time to time. There was some spotting of the fruit, 
however, from the last oil spray in one of our plots, while considerable 
white wash and tale remained at harvest in plots treated with these 
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materials. The trees sprayed with lime were noticeably free of spray 
injury although no particular stimulation could be seen on comparison 
with untreated trees. 

Laboratory work with ovicides consisted of testing various oils and 
combinations in order to explain if possible our field results. Eggs 
were sprayed uniformly, using the same nozzle, the peach leaves con- 
taining the eggs being then pinned on a rack in an open insectary and 
left until the eggs in the check lots had hatched. No check counts are 
given in the table since none averaged over 10 per cent mortality in 
any of the lots. The following results were obtained: 

TABLE 2. 

— Dilution Emulsifier No. of Tests No. Eggs Per cent Killed 
White oil t 83% Ammon-+ Ss 973 92.1 
Pyrethrum soap Caseinate 
White oil 83° 267 89.8 
Nic. sulphate 16% 
White oil 83% 1104 86.8 


White oil 1.00% Milk’ 1173 94.9 
White oil  ©Soap 2 141 98.0 


Pine oil* 
White oil 80% Milk . 79 95.0 
Pine oil? 

1] gr. milk, 1 gram oil—100 cc water. 

*Steam distilled. 

The increase from additions of pyrethrum soap and nicotine over the 
same oil and same emulsifier at the same dilution is seen to be slight. 
Combinations with pine oil gave good results in the few tests that 
were conducted with this material while pure one per cent white oil, 
emulsified with powdered skim milk gave almost as good results as can 
be expected from any material. The increase of three per cent kill with 
added nicotine sulphate and six per cent with pyrethrum soap did not 
show in our 1929 field experiments. It is doubtful whether as a strict 
ovicide such combinations have much advantage over pure oil emulsions. 


EXPERIMENTS AGAINST WINTERING LARVAE OF THE ORIEN- 
TAL PEACH MOTH, LASPEYRESIA MOLESTA BUSCK 


By J. WiLviAM Lipp, Assistant Entomologist, Deciduous Fruit Insect Investigations, 
Bureau of Entomology, U. S. Department of Agriculture 


ABSTRACTS 
During the dormant seasons of 1927-28 and 1928-29 the writer conducted tests 
against wintering Oriental peach moth larvae. The larvae were permitted to make 
hibernacula on sticks cut from pear limbs. The sticks containing the larvae were 
hung in an outdoor cage. Toxicity was determined by the number of moths emerging 
from sprayed and unsprayed sticks. Late fall spraying and early spring spraying 
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produced approximately the same results. Examination of the sticks prior to emerg- 
ence did not prove a satisfactory way of determining mortality. Loss of the larvae 
through natural mortality and the appearance of fungus were very evident on the 
unsprayed sticks. These variations made comparisons exceedingly difficult. None 
of the solutions tested gave a mortality greater than that of 67 per cent. 


The reaction of overwintering larvae of the Oriental peach moth to 
paradichlorobenzene (applied for the control of the peach tree borer)! 
suggested the possibility of finding a practical dormant spray which 
would materially decrease the size of the spring brood of moths. This 
possibility was also suggested by Stearns? as a result of studies of the 
location of overwintering larvae. These tests were conducted during 
the dormant seasons of 1927—28 and 1928-29 at Moorestown, New Jersey. 

Pear limbs with rough bark were cleared of the smaller branches and 
sawed into sticks approximately seven inches in length and from one to 
two inches in diameter. Into one end of each stick was fastened a large 
screw-eye. Four sticks were placed horizontally in a pan, and 100 
larvae, which were ready to spin cocoons, were introduced. The sticks 
were changed to a vertical position after the larvae had started to spin 
on them. When all the larvae had spun cecoons the sticks were hung 
on nails in an outdoor cage, where they remained all winter. 

Four sticks containing 100 larvae were used as a unit when being 
sprayed. They were thoroughly drenched with solutions applied 
from a hand sprayer and were then replaced in the screened cage. 
Just prior to the emergence of the moths (as indicated by the develop- 
ment of wintering material kept in the insectary) each unit of sticks 
was placed in a small cage, and observations were made on the number 
of moths which emerged. 

All spraying was done on clear mornings when the atmospheric 
temperature was above 32 degrees F. Most of the solutions were ap- 
plied in February and March, although some were applied in November 
to determine, if possible, the comparative value of late fall and early 
spring applications. In some cases two units of larvae were sprayed 
with the same solution; one unit being examined for larval mortality 
about two weeks later, and the other being kept for observation on 
moth emergence, to obtain comparative data on the two methods of 
determining mortality. 

Although approximately 100 tests were made during the two seasons, 
it was impossible to compare the solutions under all different condi- 


‘Peterson, Alvah. 1923. The Peach Tree Borer in New Jersey. New Jersey 
Agricultural Experiment Station Bulletin No. 391. 

*Stearns, L. A. 1927. Hibernation Quarters of Laspeyresia molesta Busck. JOURNAL 
oF Economic EntToMoLoGy. Vol. 20 (1):185-189. 
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tions. The figures given below indicate the percentage of emergence 
from treated units as compared with the emergence from the untreated 
units. Thus, if only 50 per cent of the untreated individuals emerged, 
the emergence of 30 per cent of the individuals from a treated unit 
would be recorded ‘60 per cent emergence’ as compared with the 
emergence from the untreated unit. The materials which decreased 
the emergence to 60 per cent or less of the check emergence are as follows: 


Material Per cent Emergence 
10 per cent Nitrobenzene (mono)*.................. 33 
5 per cent Potassium ethyl xanthate.................... 34 
5 per cent Linseed oil (raw)*...... 39 
5 per cont ‘Tar acid GF... ee 44 
44 


5 per cent Potassium ethyl xanthate............. 


5 per cent Nitrobenzene (mono)*......... 46 
10 per cent Tetrachlorethane*®......... 46 
5 per cent Dippel’s oil plus 2 per cent Nitrobenzene’...... 52 
2 per cent Sodium alginate.......... 55 
5 per cent Linseed oil (boiled)*..... 55 

60 


5 per cent Nitrobenzene (mono)’. . . 


The following showed little or no effectiveness at five per cent con- 
centration: ammonium sulfide (yellow) ; benzene*; carbon tetrachloride’; 
calcium cyanide (dust); cod liver oil;’ China wood (Tung) oil;* Dippel’s 
oil, plus one per cent wormseed oil;’ fish oil’; formaldehyde; furfural; 
gum arabic; kerosene ;* lime-sulfur; boiled linseed oil’ plus any one of the 
following—one per cent paradichlorobenzene, one per cent rosin; one 
per cent Dippel’s oil, one per cent nitrobenzene, one per cent thiocar- 
banilide, one per cent betanaphthol, one per cent gum damar; oil of 
tar® plus one per cent nitrobenzene or one per cent wormseed oil; ortho- 
dichlorbenzene (commercial*‘);* perilla oil’; poppyseed oil*; potassium 
dichromate; sodium ethyl xanthate; sodium hypochlorite; sodium thio- 


sulfate. 
The comparative effectiveness of the various solutions was exceedingly 


difficult to determine because of the high percentage of mortality in the 
untreated larvae, which ranged from 22 per cent to 75 per cent in dif- 
ferent units, and which in many cases exceeded that of the sprayed 
larvae. Since the infestation of the sticks had been made at different 
times over a six-week period, it seemed only fair to compare the mortal- 
ity in each unit with the mortality in the check unit which had been pre- 
pared at approximately the same time. 


’These figures indicate emulsions using sodium oleate as the emulsifier. 
‘Lipp, J. William. 1929. The Purity of Commercial Orthodichlorobenzene. 


JourNAL oF Economic ENTOMOLOGY. Vol. 22 (1):268. 
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One striking condition noted at the time of the emergence of the 
moths was the large number of dead larvae covered with fungus on the 
untreated sticks. Whether the fungus developed on the larvae after 
their death, or whether it was the cause of death is not known. In 
contrast to this, practically all the spray solutions had some fungicidal 
effect, since very little fungus appeared on the sprayed sticks, with 
the exception of those treated with sodium alginate, sodium resinate, or 
sodium silicate. Its presence on these sticks suggest that the alkalinity 
of the solutions may have been a factor in the development of the fungus. 

Sprays applied in early spring caused a somewhat greater mortality 
than similar sprays applied in the late fall. The difference in mortality, 
however, was not marked. 

Attempts to determine mortality by examining the sticks for dead 
larvae proved impractical. Compounds which, like linseed oil and 
sodium alginate, were applied with the idea of their hardening the co- 
coons and making emergence more difficult had no effect on the larvae. 
Furthermore, compounds which, like carbon tetrachloride and nitro- 
benzene, were applied with the idea of their penetrating the cocoons, 
showed little action on the larvae during the relatively short period 
between their application and the examination of the sticks. Undoubt- 
edly, the low temperature prevalent at this time caused a very slow 
volatilization of the chemicals, and as a result the fumigation effect 
was rendered ineffective or, at least, incomplete. An examination of 
a unit treated with potassium ethyl xanthate, for example, showed 
72 larvae alive, but of these 30 were in a weakened condition, which 
indicated that the chemical had had some effect. It is quite possible 
that these sick larvae would have been dead if the sticks had been 
examined one week later. 

Some idea of the variations encountered will be seen in the following 
examples: The addition of sodium oleate increased the toxicity of 
acetone and decreased that of pyridine; one application of five per cent 
Dippel’s oil gave a relative mortality of 49 per cent while in another 
test with the same material the emergence from the sprayed sticks 
exceeded that from the unsprayed; three tests with five per cent worm- 
seed oil gave 23, 57, and 0 percentage mortality. 

A number of similar examples might also be given but the writer 
feels that they would be unnecessary. It is apparent that the results 
obtained do not give much encouragement to the idea of controlling 
the Oriental peach moth by means of a dormant spray, but it is hoped 
that they will be of interest, if not of value, to investigators interested 
in dormant sprays for other insects. 
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RECENT EXPERIMENTS ON ORIENTAL PEACH MOTH 
CONTROL IN NEW JERSEY' 


By Byrtey F. Driccers, Ph.D., Associate Entomologist, New Jersey Agricultural 
Experiment Station 


ABSTRACT 


Nicotine sulfate and white oil emulsions failed to control the Oriental Peach Moth, 
Laspeyresia molesta, when these sprays were used against the first brood eggs and 
larvae. Two years spraying tests with pyrethrum impregnated white oil emulsions 
used at one per cent or less failed to control the Oriental Peach Moth when these 
sprays were applied to coincide with the appearance of third brood eggs and larvae. 
Tale dust applied at the time the third brood eggs were hatching gave a partial 
control of the peach moth in two orchards. In a third orchard the tale dust was 
found to prevent the work of the egg parasite, Trichogramma minutum and no control 
was obtained. Experiments in 1928 and 1929 showed that larval parasitism by 
Macrocentrus ancylivora could be increased in young Orchards in North Jersey by 
the liberation of this parasite during June, July and August. 


The Oriental Peach Moth (Laspeyresia molesta Busck) has been 
in New Jersey about 12 years. The summer of 1923 witnessed a severe 
outbreak of the peach moth, particularly in the latter part of the summer 
where in some orchards infestations of 90 per cent of the fruit were 
recorded. Following 1923 a progressive decline in the amount of 
damage done by the peach moth was observed, a low level being reached 
in 1927. The decrease in the amount of damage by the peach moth 
from 1924 to 1927 was due in a large measure to the work of parasites 
and was particularly noticeable in the orchards of South Jersey. 

The season of 1928 showed an apparent upward swing in fruit in- 
festation from the season of 1927. The trend during 1929 was still 
upward and was more noticeable than in the season of 1928. Whether 
the 1929 infestation will establish a new peak of infestation and be fol- 
lowed by a decline in 1930, or whether the 1930 infestation will mount 
still higher, are questions that cannot be answered at this time. 

STATUS OF SUPPLEMENTARY CONTROL MEASURES. The recommenda- 
tions in New Jersey concerning the effectiveness of the plowing under 
of mummies and trash in the spring, P-C Benzine treatment for the 
peach borer, the destroying of culls and drops and the isolation of 
picking baskets, in reducing the number of larvae that overwinter 
successfully, still hold. What work has been done along these lines in 
the past several seasons confirms the work of previous seasons. A com- 
plete clean up of the larvae on the ground by thorough cultivation and 


'Paper of the Journal Series, New Jersey Agricultural Experiment Station, Depart- 
ment of Entomology. 
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of the larvae around the base of the tree by P-C Benzine, would not 
free an orchard of larvae entirely. Experiments carried on at the New 
Jersey Agricultural Experiment Station during 1926 and 1927 showed 
that a substantial percentage of the larvae overwinter in and on the 
rough bark in the upper part of the tree. No winter wash has been 
discovered or reported upon that will clean up these larvae without 
injuring the tree. 

Bait pans as a method of control for the peach moth have been 
tested extensively at New Jersey and other experiment stations. With 
the baits that have been tested to date, this method has proven of 
little or no value as a control. The writer has found bait pans are a help 
in determining when the emergence of a given brood of moths is well 
under way. 

STATUS OF SUMMER ConTROL MEasurREs. Experiments carried on 
at the New Jersey and other experiment stations previous to 1927 
had shown that nicotine sulfate added to the regular peach spray 
schedule, plus certain additional applications of nicotine sulfate and 
soap, gave a partial control of the peach moth. The increase in clean 
fruit from the use of nicotine sulfate was found to return a substantial 
profit over and above the cost of materials and labor, therefore nico- 
tine sulfate is being recommended for the peach moth in the spray 
schedule for peaches. However these recommendations of nicotine 
sulfate for the peach moth had certain objections chief of which were 
(1) the high cost of nicotine sulfate, (2) only a partial control could be 
expected with the treatment and (3) the time and labor involved in 
the extra applications. For these reasons experiments have been con- 
tinued to develop a cheaper and more effective treatment for the peach 
moth. 

EXPERIMENTS WITH WuiTe OiL AND Nicotine SuLrate. In 1927 
an effort was made to control the peach moth by frequent applications 
of sprays during the time the first brood eggs were being deposited. 
Nicotine sulfate and a white oil emulsion were tested separately. 
Previous experiments had shown that these two materials were more 
effective in killing the eggs and larvae than any other spray that had 
been tried. Although a considerable reduction of first brood twig 
injury was apparent in both the nicotine sprayed orchard and oil 
sprayed orchard, a complete clean up of the first brood was not ob- 
tained with either material. Subsequent fruit counts in the nicotine 
sulfate sprayed orchard showed approximately 21 per cent of the 
fruit injured. This percentage of injury was about the same as was 
found in this orchard the previous year. 
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In 1928 a block of trees in each of two Elberta orchards were sprayed 
with a pyrethrum impregnated oil at weekly or ten day intervals during 
August in an effort to control the peach moth by killing the eggs and 
larvae of the late broods. Previous laboratory experiments had shown 
that such a spray used at 0.5 per cent actual oil would kill approxi- 
mately 90 per cent of the eggs and larvae. Fruit counts made at the 
end of the season showed no reduction in fruit infestation in one of the 
tests and only a slight reduction (13 per cent) in the other. 

From the results obtained in 1928 it was thought that a one-half 
per cent oil spray was not sufficient to maintain an oil film on the 
fruit and foliage. Therefore the experiment was repeated this past 
season using one per cent actual oil. When the fruit counts were made 
at the end of the season again only a slight reduction (less than the 
year before) was apparent from the use of the oil. 

The negative results obtained in the oil spray tests were rather 
puzzling and at first no logical explanation for the lack of control 
presented itself. However experiments carried on in a different ma- 
terial (which will be discussed presently) indicate that possibly the oil 
spray was killing certain of the peach moth parasites equally as well 
or better than it was killing the eggs and larvae of the peach moth. 
Therefore any kill of the eggs or larvae by the oil was nullified by the 
failure of the parasites to account for their share of the reduction. At 
the same time the parasites were free to effect their normal amount 
of reduction of eggs and larvae in the check block. 

EXPERIMENTS WITH Tatc. In the late summer of 1928 a number of 
dusts were tested in the insectary with the view of developing a ma- 
terial that would act as a barrier to the newly hatched larvae. Finely 
ground tale and mica dusts proved the most effective in killing the 
young larvae in the insectary tests and in the small preliminary field 
tests. Since tale is cheaper and sticks to the foliage better than mica, 
it was planned to give the tale a thorough test in the field during the 
season of 1929. Accordingly dust blocks were run in two Elberta 
and one Fox Seedling orchard. Tale dusting on the three blocks was 
begun the last week in July and continued through August. An effort 
was made to maintain a loose coating of the dust on the foliage through- 
out the period. As this necessitated redusting after rains a total of 
nine applications were made in each of the three orchards. The amount 
of reduction in fruit infestation obtained in the dust block in the three 
orchards is set forth in Table 1. 
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TABLE 1. ReEsULTS OBTAINED From LATE SEASON TaLc DusTING IN A Fox 
SEEDLING AND Two ELBERTA PEACH ORCHARDS 


Orchard Variety Treatment No. Fruit © Fruit Infested 

Number Trees Examined Visible Invisible Total 

1 Fox Check 5 1900 32.2 15.3 47.5 

seedling Dusted 5 1304 14.3 13.8 28.1 

2 Elberta Check 5 4094 43.6 36.2 79.8 

Dusted 5 5276 26.0 26.8 52.8 

3 Elberta Check 10 10280 34.1 23.6 57.7 

Dusted 7 5267 29.1 27.3 56.3 


The data in Table 1 show that in the Fox Seedling orchard the infesta- 
tion was reduced from 47.5 per cent on the check to 28.1 per cent on 
the dusted block, a reduction of approximately 40 per cent. In the 
first Elberta orchard the infestation was reduced from 79.8 per cent 
to 52.8 per cent, a reduction of 33.8 per cent. In the second Elberta 
orchard only a slight reduction was obtained. 

On August 20 the writer made an examination of the fruit in both 
the check and dusted blocks in orchard three of Table 1. It was ap- 
parent that considerable new larval entry was taking place in the fruit 
in both the undusted and dusted blocks. In order to get at definite 
figures one-third of the fruit on each of ten trees (five in the check 
block and five in the dust block) was picked and the percentage show- 
ing visible entry determined. Thirty-six per cent of the fruit from the 
check block showed injury while 18 per cent was similarly infested on 
the dust block. These figures showed that the dust had reduced entry 
approximately 50 per cent up to August 20. Nevertheless, the 18 per 
cent injury in the dust block showed that a considerable number of 
the larvae were reaching the fruit in spite of the dust. In searching for 
an explanation for the fact that the dust was failing to stop the young 
larvae more effectively, the writer considered the possibility of the 
dust killing or interfering with the work of some of the parasites. It 
was known that the egg parasite, Trichogramma minutum, frequently 
parasitized a high percentage of the peach moth eggs at that time of 
the year. 

In order to determine whether the dust was interfering with the work 
of the egg parasites, the writer obtained eggs from breeding cages in 
the insectary and “planted’’ them in the foliage of trees in both the 
check and dusted blocks. Four different ‘“‘plantings’’ were made and 


a total of 661 eggs used. The data set forth in Table 2 show the dates 
the eggs were placed in the orchard, dates removed from the orchard 
and the percentage of twigs and eggs that showed 7richogramma para- 
sitism. 
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TABLE 2, PERCENTAGE OF ORIENTAL PEACH Motu EGGs PARASITIZED BY 
Trichogramma sp. WHEN EGGs WERE PLACED IN TaLc DusTED 
AND UNDUSTED TREES. 


Total Total Parasitized 
Lot No. Block Date Date Twigs No. Twigs Eggs Eggs 

Placed Removed in Lot Parasitized in Lot No. Per cent 

1 Check 8/17 8/22 11 9 197 106 54.0 

2 8/22 8/26 ll 9 76 40 52.0 

3 = 8/27 8/30 5 2 53 15 28.3 

4 5 8/28 8/31 5 1 36 6 16.6 

5 Dust 8/17 8/22 6 0 135 0 0.0 

6 an 8/22 8/26 ll 0 98 0 0.0 

7 S 8/27 8/30 4 0 42 0 0.0 

8 ” 8/28 8/31 5 1 24 1 4.2 

Totals Check 32 21 362 386167 46.1 

Dust 26 1 299 1 0.3 


An examination of the data in Table 2 will show that 46.1 per cent 
of the eggs placed in the check block were parasitized. Only one of 
the three hundred eggs placed in the dusted block showed parasitism. 
It appears from these results, and from the fruit examinations in this 
orchard at the end of the season, that any effectiveness the dust had 
in stopping the larvae was nullified by the fact that the dust also 
interfered with the work of the parasites. 

Work wIiTH Parasites. Studies of parasitism of Oriental Peach 
Moth larvae in twigs in different sections of New Jersey over a period 
of three years had shown that Macrocentrus ancylivora Roh. was re- 
sponsible for most of the parasitism in South Jersey. At the same time 
Glypta rufiscutellaris Cress. was found to be the principal parasite in 
North Jersey. The possibility of utilizing each of these parasites in 
that part of the state where it was not very abundant was given at- 
tention in 1928 and 1929. 

Oriental Peach Moth larvae were collected from twigs in South Jersey 
in the early part of the summer of 1928. From these larvae were reared 
adults of MacrocentrusancylivoraRoh. Thefirst of these parasites emerged 
July 1 and were liberated in a young peach orchard at the college farm 
at New Brunswick. From that date to September 20 a total of 175 
female and 152 male M. ancylivora were liberated in this orchard. 
In order to determine what effect the liberation of these parasites 
would have on the peach moth larvae, the writer made weekly collec- 
tions of larvae. from twigs in the liberation orchard. Collections were 
made on the same dates in two other orchards where no M. ancylivora 
were liberated in order to check the results. Weekly collections in the 
three orchards were begun May 29 and continued to September 11. 
The detailed results are set forth in Table 3. 
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TABLE 3. PERCENTAGE OF ORIENTAL PEACH Motu LARVAE PARASITIZED BY 
Macrocentrus ancylivora Roh.tn Caeck Orcuarps “‘A” anp “B” 
AND LIBERATION ORCHARD ‘“‘C”’ 


Date of % Parasitism by M. ancylivora No. M. ancylivora 

Collection Liberated in ‘‘C” 
May 29 0.0 0.0 0.0 0 
June 5 0.0 0.0 0.0 0 
12 0.0 0.0 0.0 0 
19 0.0 4.7 0.0 0 
26 0.0 6.2 0.0 0 
July 3 0.0 0.0 0.0 29 
7 0.0 0.0 3.8 45 
10 3.2 0.0 18.0 2 
17 0.0 0.0 12.2 0.0 
24 0.0 0.0 5.4 2 
31 0.0 0.0 0.0 40 
Aug. 7 2.9 0.0 15.6 137 
ll 11.1 10.8 24.8 14 
14 0.0 2.9 32.6 0 
21 0.0 7.3 12.8 0 
28 16.6 10.0 16.5 0 
Sept. 4 0.0 30.0 0.0 45 
11 0.0 20.0 33.3 13 


An examination of the data set forth in Table 3 will show that there 
was a material increase in the parasitism of the larvae by M. ancylivora 
in orchard “C”’ where this parasite was liberated. This increase is 
found in the collections following the dates of liberation. The total 
figures on M. ancylivora parasitism in the three orchards for the entire 
season was 1.3, 4.4 and 14.2 per cent respectively for orchards “A”’, “B”’ 


and “‘C.” 


TABLE 4. PERCENTAGE OF ORIENTAL PEACH Motu LARVAE PARASITIZED BY 
Macrocentrus ancylivora Roh. OrcHARDS “A,” 
AND “C”’ AND LIBERATION ORCHARD ‘“‘D” 
Date of % Parasitism by M. ancylivora No. M. ancylivora 
Collection Liberated in ‘‘D” 


May 22 0.0 0.0 0.0 0.0 0 
30 0.0 0.0 0.0 2.9 0 
June 6 0.0 0.0 6.9 2.8 0 
13 0.0 0.0 16.6 2.3 0 
20 0.0 0.0 0.0 9.3 85 
27 8.3 0.0 2.8 36.7 57 
July 3 0.0 0.0 10.9 44.1 0 
10 0.0 0.0 5.2 21.6 0 
17 0.0 0.0 1.9 0.0 89 
24 0.0 7.3 2.6 56.1 148 
31 823.3 51.0 5.5 86.4 125 
Aug. 7 50.0 30.6 22.2 80.0 0 
15 0.0 20.8 9.5 27.7 48 
21 0.0 16.2 0.0 42.9 26 
28 0.0 0.0 0.0 0.0 0 
Sept. 4 0.0 33.3 0.0 100.0 0 


The liberation experiments were repeated during the summer of 1929. 
This time weekly collections of larvae were begun on May 22 in four 
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orchards at the college farm and the collections continued into Septem- 
ber. These four orchards, which for convenience we will call ‘“‘A,” “‘B,”’ 
“C” and “D,” were all within a quarter of a mile of each other. Or- 
chards ‘“‘A’’ and “‘C”’ were the same orchards as were used the previous 
year. Orchards “B”’ and ‘‘D” were young orchards set out in the spring 
of 1929. The results from the 1929 liberations are set forth in Table 4. 

An examination of the data in Table 4 will show that there was a 
marked increase in the percentages of parasitism in orchard ‘‘D,” 
where M. ancylivora was liberated, over the three check orchards. In 
orchard ‘‘C,’’ which, it will be recalled, was the liberation orchard in 
1928, the percentages of parasitism indicate that there was some carry 
over from the built up parasitism of 1928. There was practically no 
M. ancylivora parasitism in orchards “‘A’’ and “B”’ in May, June and 
the first half of July. The appearance of a considerable number of 
M. ancylivora in these two orchards the last of July and August may 
have been due to a drift from the liberation orchard “D’’. It may be 
noted that the high percentage of parasitism in the liberation orchard 
“D” came on collection dates following the two periods when the maxi- 
mum number of M. ancylivora were liberated. The total M. ancylivora 
parasitism for the season was 3.3, 12.8, 5.3 and 34.1 percentages for ‘‘A,”’ 
“B.” “C” and “D” respectively. 


ORIENTAL PEACH MOTH PARASITE WORK IN NEW YORK 
By Derritt M. DANIEL, Experiment Station, Geneva, N. Y. 


ABSTRACT 

Results are given of two years experiments in colonizing Macrocentrus ancylivora 
Roh. in the area of new infestation of the oriental peach moth (Laspeyresia molesta 
Busck) in western New York. The parasite has apparently established itself in 
this region. Glypta rufiscutellaris Cress. and Ascogaster carpocapsae Vier. were found 
to parasitise the peach moth in western New York in 1927, altho the percentage 
of parasitism was negligible. In 1928 Glypta parasitised 12 per cent of the larvae 
of the peach moth and in 1929 only 0.71 per cent. In both of these years A scogaster 
was of rare occurrence. In 1929 twig collections from the Hudson Valley and Long 
Island showed a parasitism by Macrocentrus of 51 and 89 per cent respectively. 
Seven hundred thousand Trichogramma minutum Riley liberated in one orchard 
parasitised 36 per cent of the season's eggs. 

The oriental peach moth (Laspeyresia molesta Busck) made its first 
appearance in western New York in a few orchards in the Lake Erie 
Valley near the Pennsylvania line in 1926. During the season of 1927 
collections of infested twigs in this area were made to determine the 
extent of parasitism and the species present. These collections showed a 
negligible amount of parasitism. Only a few specimens of two species, 
Ascogaster carpocapsae and Glypta rufiscutellaris, were obtained. 
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In the late summer of 1927 the peach moth was found to be infesting 
several orchards in Niagara county. Since this county is much more 
productive of peaches and because the infestation by the peach moth 
was heavier, the work was transferred to Niagara in 1928. The pest has 
continued to spread eastward, making its appearance in all peach 
orchards in the county this past season. New points of infestation have 
been found thruout almost the whole of western New York. The peach 
moth is therefore well established in this area and indications are that 
injury will continue to increase in this important peach producing section. 

In view of the continued inability of insecticides to give satisfactory 
control economically, the concensus of opinion is that the use of para- 
sites is the most hopeful method for keeping the insect below the eco- 
nomic minimum. Therefore, efforts looking toward the control of 
the peach moth in New York have been concerned almost exclusively 
with the transfer, breeding and distribution of promising parasitic 
species. 

Macrocentrus ancylivora Roh. was generally conceded to be the most 
promising of the fifty or mofe species attacking the oriental peach 
moth. The first attempt of the colonization of this species was made by 
Dr. Stearns in 1927 while in Ohio. However, it was later discovered to 
be already present and importations were discontinued. Therefore, in 
order to determine the possibility of establishing this parasite in a new 
area of infestation, importations were made from southern New Jersey. 

A report has already been made on the method of this transfer.' 
A total of eleven hundred Macrocentrus were liberated in two Niagara 
orchards during the first week of July. Twig collections made in these 
orchards before liberation showed no parasitism at all. Subsequent 
collections were made at approximately weekly intervals during the re- 
mainder of the season. An average of the parasitism in these orchards 
showed 8.15 per cent due to Macrocentrus ancylivora and 12.54 per cent 
due to Glypta rufiscutellaris. Glypta emerged only from collections made 
during the latter part of the season. Two orchards used as checks 
showed the presence of no Macrocentrus but 23.68 per cent parasitism by 
Glypta. In the area immediately adjacent to the Niagara River approx- 
imately 15 per cent of the fruit was infested by the peach moth in 1928. 

During the season of 1929 importations of Macrocentrus from New 
Jersey were continued. A total of fourteen hundred were liberated in 
six orchards in Niagara and two orchards in Chautauqua county. 


'Technique Employed in Transferring Parasites of the Oriental Peach Moth 
(Laspeyresia molesta Busck), Derrill M. Daniel. Jour. Econ. Ent. Vol. 22, pp. 801- 
805, Oct. 1929. 
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Twig collections made before distribution of parasites showed Macro- 
centrus to be present in the two orchards which received liberations the 
previous year and in one nearby orchard. Liberations were made 
during the last week of June and the first two weeks of July. Twig 
collections made thruout the summer showed a parasitism by Macro- 
centrus of 13.79 per cent. Collections made in the latter part of the 
season from all the remaining orchards along the Niagara River 
showed the presence of Macrocentrus in each of them. Infested twigs 
were as abundant on September 5th as at any time during the season. 
Collections made at that time showed parasitism to be as high or higher 
than at any other time. This indicates the possibility of a high per- 
centage of hibernating larvae having become parasitised. In this area 
approximately 60 per cent of the fruit was infested by the peach moth. 

In Chautauqua county a parasitism by Macrocentrus of 29 per cent 
was obtained in the two orchards which received parasites. However, 
the peach moth infestation dropped rapidly in late July because of lack 
of suitable food. The twigs hardened prematurely due to drought and 
there was no fruit. During August it was almost impossible to find 
infested twigs. It is believed that this shortage of host material will 
practically wipe out the liberations of parasites made there this season. 

Glypta was conspicuous by its absence this past year. An average of 
only 0.71 per cent parasitism by this species was obtained from all 
collections during the summer. Ascogaster was of rare occurrence during 
all three years. 

Liberations of Trichogramma minutum Riley totalling seven hundred 
thousand individuals were made in one orchard in Niagara county. 
Egg counts made during the season showed 36 per cent of the eggs to 
have been parasitised. Like counts in a check orchard showed 4 per 
cent of the eggs parasitised. 

Twig collections made in the Hudson Valley on July 30th and 31st 
showed 51.53 per cent parasitism. Collections made on Long Island 
in the vicinity of Riverhead and Southold showed 89.19 per cent para- - 
sitism. In both of these Macrocentrus constituted at least 98 per cent of 
the species represented. No liberations had been made in this area, so 
that the figures represent natural parasitism. 


JOURNAL OF ECONOMIC ENTOMOLOGY 
Friday Morning, November 22, 1929 


BEES FOR THE ORCHARD 
By E. F. Puwips, Cornell University, Ithaca, New York 


ABSTRACT 

The requirements for colony strength in order to have bees which will give good 
service in pollination of fruit is emphasized. The danger to bees from dusting of 
poisonous materials is discussed. 

The demand for honeybees for use in bringing about cross pollination 
of fruits is increasing and will still further increase. Clean cultivation, 
intense regional specialization and other less tangible causes are re- 
ducing the number per acre of fruit of individuals of wild species capable 
of serving the orchardist, and this reduction in some places has reached 
a point where the natural supply of pollinating agents in an average 
year is inadequate to set a profitable fruit crop. It is not proposed to 
discuss problems arising from the need of pollinating varieties and 
other horticultural problems or the factors reducing wild species but 
rather to mention some problems connected with beekeeping and 
entomology which arise from the need of pollinating agents. Some 
of the beekeeping advice that has been given regarding this problem 
seems seriously erroneous, and it is hoped to correct this in part. 

The greatest menace to the use of honeybees in orchards in many 
fruit areas is the prevalence of dusting with poisonous materials. Spray- 
ing with whatever material used is rarely seriously damaging to bees 
unless applied right at the time of blossoming, which is rarely advised or 
practiced, except where cover crops are in bloom. Dusting with poison- 
ous materials, whenever practiced, is usually or often exceedingly dam- 
aging to bees and to other insects capable of pollinating fruit blossoms. 
Unless dusts are applied when the wind is not blowing, a cloud may 
drift for considerable distances from the point of application, often fallng 
on flowers of different species then in bloom, from which the bees gather 
it. In certain apple regions of New York where dusting is prevalent, 
honeybees have been reduced so greatly that short crops have become 
common. It will of course be evident that poisoning from dusting not 
only kills bees but that it causes the more extensive beekeepers to remove 
their apiaries to safer locations, which is a more immediate result of 
dusting even than the death of colonies. Small holders soon lose their 
bees and discontinue beekeeping. 

The need for more pollinating insects brings to the front certain bee- 
keeping problems, and while it is the task of those interested in the 
development of beekeeping to find a proper solution for these problems, 
at the same time it is well for entomologists to know what these prob- 
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lems are so that they may better appreciate their seriousness and so 
that they may. be aware of the influences which their recommendations 
may have on the problem. 

If a fruit grower decides to bring to his orchard honeybees for polli- 
nation purposes, it is to his advantage to bring in colonies which will work 
effectually. It must for the present be assumed that in the majority 
of cases the orchardist is not a beekeeper and that he cannot accurately 
evaluate the colonies which he may rent or buy. A strong colony will 
rush into the orchard at least four times as many bees as one of half 
strength, and the increase in the number of flying bees is not in pro- 
portion to the actual number of bees in the hive. A colony of bees 
having at the time of apple blossoming six frames of brood is perhaps 
above an average colony under fair management for this time of year 
in those regions where the beekeeper is aiming to have his colonies ready 
for clover when it comes into bloom in June. On the other hand by 
proper wintering and spring care, it is often possible to have twice that 
much brood at the time that apple comes into bloom. This means that a 
different, better and more difficult management is required when the 
chief aim is to obtain pollinating agents. Methods for getting stronger 
colonies are well enough known. The average orchardist who is not a 
skilled beekeeper will not once in a thousand times get colonies of proper 
strength, and unless he takes up beekeeping as a serious part of his 
study and work, he cannot expect to get the results from bees under his 
own management which he should get. This means that it is rarely 
profitable for the orchardist merely to buy some colonies and to place 
them somewhere within summer flight distance of his trees. 

It is also evident that the average beekeeper cannot furnish colonies 
of the best strength for the work desired, and that only the beekeeper 
who makes preparation for fruit pollination a definite part of his man- 
agement can furnish colonies of useful strength. There are probably 
not enough such beekeepers at present in or near any of the eastern fruit 
areas. This makes it desirable that steps be taken to see to it that the 
fruit grower gets a square deal when he rents colonies, otherwise the re- 
sults obtained will not be satisfactory and the necessity of bees in the 
orchard will not be convincingly shown. It is difficult to arrange 
that the fruit grower get the best colonies because he cannot himself 
evaluate them but must depend on a skilled beekeeper to determine 
colony strength. 

In Massachusetts Mr. C. L. Farrar has attempted this by suggesting 
prices for rental based on the number of frames covered with bees when 
the outer temperature is 60 to 65° F. at the time of delivery at the 
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orchard, an*observation which can be made by one who is not a bee- 
keeper. He suggests a $5.00 rental as a basis for computation, with 
a reduction of $1.25 for each frame covered less than five and an ad- 
dition of $1.00 for each frame covered over six. The number of colonies 
needed may be increased or decreased accordingly. This proposal is a 
step in the right direction, but the basis for computation is questionable, 
for no colony covering less than six frames is worth carrying to the 
orchard, unless perchance the air temperature exceeds 70° for some time 
during fruit bloom. A better basis would be to demand that no colony 
covering less than six frames be used and to base the computations on a 
cluster spread of ten frames. 

It should be evident to any person informed about bees that a colony 
in a single hive body of standard size is a poor agency for the fruit 
grower to bring to his aid. Better beekeeping methods demand that 
colonies wintered outdoors be kept in two full depth hive bodies through- 
out the winter, and the average beekeeper who does not follow this 
practice cannot once in a score of seasons furnish colonies worth much to 
the orchardist. By the time that the bees are to go to the orchard, 
they will under proper care have filled both hive bodies to a considerable 
extent, although there will still be corners not filled at lower temper- 
atures. With exceedingly strong colonies there will be a possibility, 
amounting almost to probability, that the bees will swarm during fruit 
bloom unless steps are taken to prevent this misfortune to the beekeeper. 
Since it is usually not practicable to manipulate bees while in the 
orchards, this means that colonies of the proper strength should not 
go to the orchard even in two hive bodies but that a third, empty hive 
body should be given them as a preventive of swarming and to prevent 
undue crowding in the event of a good nectar secretion from the fruit 
blossoms. To carry colonies to the orchard in three hive bodies is a 
trying task. This means that the beekeeper must demand higher 
rentals for such colonies, but as Farrar has pointed out for weaker 
colonies, the number of colonies needed in any orchard may be propor- 
tionately reduced, so that exceedingly strong colonies should be much 
cheaper per acre for the orchardist. One excellent colony will easily 
cover four acres in any weather when the bees can fly, whereas basing 
recommendations on weak colonies, one colony to the acre is usually 
recommended. The demand that all colonies be strong will actually 
work to the advantage of the beekeeper by leading him into better 
methods of management. 

Cluster spread, while easily observed by one not familiar with bees, 
is not the safest possible guide, since excitement of some sort may 
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cause the bees to spread beyond their usual cluster space. The tem- 
perature within the hive governs this rather than the outer temperature. 
A safer criterion would be the frames containing brood. Ten frames of 
standard size containing brood, not counting combs containing eggs 
only, is a fair basis of computation, for it is quite within the range of 
beekeeping possibilities for a skilled beekeeper to have such strength in 
average colonies at the time of fruit bloom. If the rental is computed 
on the basis of $10.00 for such colonies and if it is planned to place one 
such colony on each four acres, this will lead to better beekeeping and to 
far better service to the orchardist. The count of brood frames will of 
course include some frames in the central part of the cluster which are 
well filled and others at the edges which are only slightly filled, but if 
combs containing eggs only are eliminated, this gives a fair and measur- 
able criterion. Naturally only the beekeeper owning the bees or some 
other beekeeper can make this determination, but unless the beekeeper 
is honest enough to report a true count, he is not a proper person with 
whom the orchardist can deal. 

Trials of the use of package bees shipped into northern orchards just 
before fruit bloom have been made, and some of these tests have been 
unsatisfactory, since some fruit growers have simply left these packages, 
containing originally in some cases a frame or two of comb foundation, 
in the orchards. They almost at once become equivalent to box hives 
which are a menace. It is nevertheless possible to use such packages to 
great advantage, and in some fruit areas it will be wholly impossible 
to get enough colonies of bees for proper pollination by rental of full 
colonies. Two plans are proposed for this purpose, the temporary one 
being much preferable. 

Package bees for temporary use should be ordered to arrive about 
one week before the earliest opening of the fruit blossoms. Arrange- 
ments should be made with some experienced beekeeper to furnish a 
bottom board, double cover, two hive bodies, five drawn combs and 
a feeder of at least 5 pounds capacity for each package ordered. If 
possible the beekeeper should make the installations and should feed the 
bees daily until they surely have enough stores to last through the blos- 
soming period. One package of three pounds should be supplied for 
each acre of fruit. Such packages have the advantage that the bees 
have at first no brood for which to care and they are young vigorous 
bees. Just as soon as the petals have dropped, the beekeeper should be 
asked to remove the bees from the orchard, and he should be given the 
bees as his compensation for the use of the equipment and for his labor 
in their care and transportation. By doubling them up, the beekeeper 
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can make a smaller number of colonies for clover gathering, or he can use 
them to advantage in strengthening his colonies or in other ways. He 
will get only about a fair compensation for his work if he gets the bees 
without charge. 

Another way to use package bees from the south is to get them earlier, 
help them to build up for three to four weeks before the blossoming 
period and then to keep them permanently in or near the orchard. This 
makes it necessary that the orchardist become a real beekeeper if he is to 
get later service from the purchased bees, and since he probably will not 
become a skilled beekeeper in the majority of cases, this plan is rarely 
to be recommended. 

American foulbrood is prevalent in many fruit areas or adjacent to 
them. If diseased bees are moved about, this vastly increases the 
danger of spreading infection, and moving should not be permitted with- 
out inspection of the colonies at some time which will insure their 
freedom from this disease. If many bees are moved, it will be impossible 
to have the colonies all inspected before they should be moved to 
orchards, because of the short time available and chiefly because of the 
uncertainty of the weather at that season. This means that those bee- 
keepers who plan to engage in rental of bees should have their apiaries 
inspected the fall before and they must be given a permit to move based 
on the fall inspection. This is moderately but not entirely safe. The in- 
spector who grants such a permit should aim so far as possible to 
inspect the bees while in the orchards, and in granting the permit he 
should stipulate that if any colonies are found infected on orchard 
inspection, they will be burned on the spot and the beekeeper will then 
receive no rental. This will increase the care of the beekeepers in their 
own inspections before moving. 

It has been suggested that when colonies are inspected in the orchards, 
the inspectors mark on the outside of each colony the number of frames 
containing brood, thus assisting the orchardist to make his own com- 
putations of the rental due the beekeeper. This would have some 
disadvantages to the apiary inspectors, but is not without merit. 

Under present dusting practices in many fruit areas, beekeeping with- 
in the fruit areas is too uncertain to be recommended. This means 
that at present the fruit grower who plans to own his own bees or the 
beekeeper who plans to rent bees for orchard use should plan to keep 
them outside the fruit areas except during the short period when they 
are needed for pollination. This often means a moving of twenty to 
fifty miles or more if a suitable permanent site is found. This in turn 
means that if the fruit grower undertakes to be a beekeeper, he at once 
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embarks on outapiary management, which is the most difficult phase of 
beekeeping. Under such conditions it would be the height of folly to 
recommend to a fruit grower that he produce comb honey. 

The difficulties of getting colonies ready for pollination work have 
been intentionally emphasized to prevent entomologists from giving 
their fruit growing constituents bad advice about engaging in bee- 
keeping. In a few instances such advice has been given by horti- 
culturists, entomologists and county agents, leading the fruit grower to 
believe that he has taken the necessary steps as to honeybees, whereas 
as a matter of fact he is in extremely poor condition. These warnings are 
based on some experience recently in attacking this problem and from 
reading of the advice already given from other workers, some of which 
seems to be thoroughly unsound. It is hoped that these remarks may 
help to adjust this question to the advantage of all concerned. 


A PRACTICAL HONEYBEE SHIPPING CAGE FOR USE IN 
POLLINATION! 


By Ray Hutson, Assistant Entomologist, New Jersey Agricultural 
Experiment Station 
ABSTRACT 

Observations on a shipping cage designed for use as a hive in the orchard indicate 
that it is possible for bees to be prepared at the shipping point for use in orchards. 
Bees prepared, shipped, and used in this way compare favorably with packages 
hived in the orchard as to shipping, handling, and salvage value. 

The steadily growing practice of using honeybees in orchards at 
blooming time to effect pollination is constantly creating new problems. 
This paper is an account of an effort to devise a workable means of pro- 
viding bees for pollination to supplement the existing supply of over- 
wintered bees if for any reason such aid is needed. The solution pro- 
posed in this paper is that of a shipping package designed, to conform to 
the legal requirements of shipment, to need little knowledge of bees in 
handling, and lending itself to economical disposal after pollination is 
completed. The considerations leading to work on such a shipping 
package are numerous. Orchardists are sometimes unable to procure 
bees in their own neighborhood. Beekeepers do not have or want to rent 
bees for example. The number of hives in a neighborhood may be in- 
sufficient for the pollination needs. A shipping package meeting the 
criteria named above could be shipped according to previous arrange- 
ment by the package men in the south. The receiver with the exercise 

‘Paper of the Journal Series, New Jersey Agricultural Experiment Station, Depart- 
ment of Entomology. 
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of nothing more than muscular effort could place the shipping package 
in the orchard and release the bees. After pollination the entrance 
to the shipping cage could be stopped and the bees removed from the 
orchard for disposal by sale, salvage, or destruction as the owner might 
decide. 

These desiderata are met by a modification of the 3 frame nucleus 
shipping cage widely used by southern shippers. This cage is a solid 
box except for half screened sides and holds 3 Hoffman frames. The 
cover is semi-telescoping ; the ends extending 2% inches down to afford a 
holding place for the screws usually used to hold it in place. In the 
modification, 2 frames containing 1 inch starters and 1 frame having a 
light wooden box built upon it near the top bar to hold 2 pounds of queen 
cage candy are substituted for the 3 combs in the usual 3 pound nucleus, 
and the queen secured in a provisioned queen cage. The escape hole 
in the queen cage is secured by a cork stopper attached by a wire to the 
entrance stop of the nucleus box. Removal of the entrance stop pulls 
the cork from the queen cage giving the bees opportunity to release the 
queen. The cover is prevented from warping on exposure to the weather 
by a narrow strip of tin tacked across its middle. Shipping packages 
containing 3 pounds of bees with a caged queen cost $5.25 laid down 
at the consignee’s express office last spring. 

The shipping packages were taken from the express office to the 
orchard, wrapped in one thickness of roofing paper to protect them 
from the weather, and distribution made. The entrance stops were 
removed as the shipping packages were placed. The removal of the 
shipping packages from the orchard was accomplished without mishap 
by replacing the entrance stop, loading and hauling them away. 

Observations at the time the bees were placed showed very few bees 
dead in the shipping packages. The strength of 11 overwintered hives 
already placed in the orchard when the packages were distributed 
showed an average of 2.5 pounds of bees. 

The labor in placing the packages was less than that of placing an 
equal number of hives as 3 packages are lighter than one | story 10 
frame Langstroth hive and occupy about the same space. Wrapping 
each cage required about 2 cents worth of paper and twine. The use of 
paper was cheaper, easier and afforded a better protection for the short 
period in the orchard than the use of small boards. The paper afforded 
better protection because there were no crevices for water to enter. 

The removal of the special packages from the orchard was easier 
than removing an equal number of hives because of the lightness and 
small space occupied. The honeyflow in the orchard was meager. 
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The package bees, as evidenced by their activity in carrying apple 
pollen, were as active as overwintered bees in working apple blossoms. 

The salvage value of packages made up in the described manner and 
treated as outlined compares favorably with regular 3 pound packages 
hived in the orchard. At the end of the blooming period 20 shipping 
cages showed 2 queenless contrasted with an equal loss of queens in 
regular packages. The brood area of 18 queen right shipping cages 
averaged one-half frame less brood and eggs per cage than an equal 
number of regular packages. The shipping packages had small sections 
of the foundation drawn when they arrived. There were no cross combs. 
At the end of the blooming period the transfer of the two drawn combs 
and the bees from the shipping packages to hives was accomplished in 
less time than that expended in getting hives ready in the orchard and 
putting an equal number of regular packages into them. About % 
pound of queen cage candy remained at the end of the blooming period 
in spite of 8 days continuous bad weather. 

There was no honey flow permitting a comparison of crop from the 
shipping cages. 

The facts brought out in this trial of shipping packages for orchard 
pollination should help to provide a means for supplementing the 
number of hives available for pollination. It enables the orchardist on 
his own, or through a beekeeper, to supply himself with standard 
colonies of bees at a reasonable cost and a minimum of beekeeping 
knowledge. From the beekeeper’s standpoint it is possible at this year’s 
prices for the packages and for pollination, to increase his number of 
colonies very cheaply by buying shipping packages and salvaging them 
after he has rented them to the orchardist. The small amount of bee- 
keeping knowledge required to place shipping cages in orchards and to 
remove them should appeal to the beekeeper who must depend on help. 

The. observations gathered in this trial of shipping packages pur- 
chased from a reputable source for pollination seems to indicate their 
fitness for the service. The shipping cage used in this trial fulfilled the 
requirements postulated in the introduction. It can be shipped; it is 
easy to handle; it has a salvage value. 
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ETHYLENE OXIDE AS A FUMIGANT FOR FOOD AND OTHER 
COMMODITIES 
By E. A. Back, R. T. Corton and G. W. Ettincton, Bureau of Entomology, 
U. S. Department of Agriculture 
ABSTRACT 

Ethylene oxide, a recently discovered gas is an excellent fumigant for all types 
of foodstuffs. When used as directed with carbon dioxide it is non-flammable and 
non-explosive, easy and safe to use, effective against all types of stored product 
insects, and is reasonably inexpensive. It has been used successfully in treating 
stores, supply rooms, grain bins, fumigating vaults, etc., Dosages for the atmospheric 
and vacuum fumigation of various commodities are given. 

The increasing necessity for protecting foodstuffs and other stored 
commodities from insect attack has created an urgent demand for all 
available information regarding fumigants that are adapted for treat- 
ing such commodities. We are all aware of the great need for a fumi- 
gant that can be used almost anywhere without the danger of fire 
and explosion, or without undue danger to the health of man in con- 
gested districts, or of breaking local regulations governing the use of 
fumigants. 

In Ethylene Oxide, when used as directed, we have a fumigant 
which, in addition to possessing freedom from the fire and explosion 
hazard and extreme toxicity to man, does not appear to leave in or 
upon the treated materials obnoxious odors, or residues harmful to 
man or animals. It is believed that many commodities will be fumi- 
gated more successfully and with less danger when the details of appli- 
cation, particularly with Carbon Dioxide, have been worked out. In 
Ethylene Oxide we have a fumigant which can be recommended with 
satisfaction to many commercial houses. 

Ethylene Oxide has been used already with success in grocery stores, 
hospital food-supply rooms, in fumigable storage bins in dried fruit 
establishments, work rooms, candy establishments, and for treating 
tobacco infested with Lasioderma serricorne. It has been used with 
apparent success in large concrete elevator bins containing wheat 
and in lofts in reinforced concrete warehouse space storing grain products 
such as animal feeds. The Navy Department fumigated with excellent 
results over 10,000 pounds of sacked rice in a modern quartermaster’s 
depot. In a house basement or cellar it proved an efficient fumigant 
against’ the webbing clothes moth, Tineola biselliella, the furniture 
carpet beetle, Anthrenus vorax, the confused flour beetle, Tribolium 
confusum, and the rice weevil, Sitophilus oryza. In tight fumigating 
rooms, no difficulty has been experienced in killing tremendous numbers 
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of the saw-toothed grain beetle, Oryzaephilus surinamensis, and the 
confused flour beetle in one, two and three pound cartons containing 
products of the nature of Farina, Rolled Oats and Corn Flakes. No 
living insects could be found by a careful examination of fumigated 
96-pound sacks of high-grade wheat flour.'. No living specimens of 
the webbing clothes moth or the furniture carpet beetle could be found 
in heavily infested upholstered furniture treated in a modern fumigating 
vault. Mr. Perez Simmons, in field charge of the Bureau's dried fruit 
insect investigations in California, writes as a result of experiments 
there, that the dried fruit industry is most enthusiastic over the use of 
Ethylene Oxide. In fact, it is largely due to the amount of Ethylene 
Oxide used by the California Dried Fruit Industry that important 
reductions in price per pound of the fumigant have been secured. 

Dr. Cotton exhibited nut meats fumigated with Ethylene Oxide at 
the 1929 West Baden convention of candy manufacturers and was 
interested to note that none of the nut experts could detect an odor 
or foreign taste in this difficult food product. A New York nut import- 
ing firm examined cashew nuts, which had been variously prepared 
for market and fumigated with Ethylene Oxide, and stated that in no 
way did they appear adversely affected. 

The insecticidal properties of Ethylene Oxide were first established 
by Dr. R. T. Cotton of the Bureau of Entomology, working in coopera- 
tion with Dr. R. C. Roark of the Bureau of Chemistry and Soils, in their 
paper? published in August, 1928. 

PHYSICAL PROPERTIES OF ETHYLENE Oxipe. Ethylene Oxide at 
ordinary temperatures is a colorless gas. At low temperatures it is a 
mobile colorless liquid boiling at 10.5°C. The specific gravity of the 
liquid is 0.887 at 4°-7°C. The concentrated vapors of ethylene oxide 
are inflammable, but concentrations up to 3% pounds per 1000 cu. ft. 
of space are non-explosive and non-inflammable. The ignition point 
is 814°F. The gas is not highly toxic to man, but when inhaled for a 
long time it produces a cyanosis, which, however, is counteracted by 
the use of carbon dioxide as an antidote. 

Cost or ETHYLENE OxIDE. Owing to the fact that until very recently 
there has been no commercial demand for ethylene oxide, the cost is 
somewhat high. It may be bought in small lots for one dollar per pound 
and in large lots for 75 cents per pound. 


‘The flour and cartoned cereal contained, by actual count; from several hundred 
to 20,000 larvae, pupae and adults of the saw-toothed grain beetle, Oryzaephilus 
surinamensis, and the confused flour beetle, Tribolium confusum, per sack or carton. 

*R. T. Cotton and R. C. Roark, “Ethylene Oxide as a Fumigant,”’ Ind. and Eng. 
Chem., Vol. 20, No. 8, pp. 805, Aug., 1928. 
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ADSORPTION OF FuMIGANTS BY Foopsturrs. For the successful 
fumigation of any commodity it is necessary to know something of the 
adsorption capacities of the material. Until rather recent times it has 
been the tendency to recommend the amount of a fumigant to be used 
on the basis of the amount of space to be fumigated regardless of the 
type of commodity contained therein. Recent experiments have shown, 
however, that whereas some foodstuffs adsorb but little of a gas, others 
adsorb so much that ten times the normal dosage may be required to 
obtain a complete kill. 

Numerous experiments have therefore been conducted with different 
types of foodstuffs in order to determine the proper dosages of ethylene 
oxide required to fumigate them successfully. Although by no means 
complete, the results of the investigations with foodstuffs herein given 
will be found useful in indicating the proper amounts needed for treat- 
ing various foodstuffs under varying conditions. 

Recommendations are given for both atmospheric and vacuum 
fumigation. Quicker results may be obtained by use of a vacuum ‘ank, 
but a correspondingly greater amount of the fumigant must be used 
in order to get satisfactory results. 

The use of carbon dioxide in combination with ethylene oxide recently 
advocated by Cotton and Young® greatly increases the efficacy of 
the fumigant, hence dosages for its use in vacuum fumigation are 
included in Table 1. 

In addition to increasing the insecticidal action, carbon dioxide 
when mixed with ethylene oxide at the rate of seven parts to one by 
weight completely removes the possibility of fire hazard that might 
result from an accidental overdose or the concentration in one spot of 
an excess amount of the fumigant. For this reason it is recommended 
that carbon dioxide be used in combination with ethylene oxide wher- 
ever practical. 

In vacuum fumigation work the carbon dioxide is drawn into the 
vacuum tank first and is then followed by the ethylene oxide. Approxi- 
mately 14 pounds of carbon dioxide per 1000 cu. ft. of space is the 
dosage recommended except for the fumigation of nut meats when 
double the amount should be used. 

The recommendations are based on vaults and tanks filled to capac- 
ity. Ifa vault or tank is only partially filled with the material to be 
fumigated a smaller amount of the fumigant will in some cases suffice. 


*R. T. Cotton and W. D. Young, The Use of Carbon Dioxide to Increase the 
Insecticidal Efficacy of Fumigants. Proc. Wash. Ent. Soc. Vol. 31, No. 5, 1929. 
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DIRECTIONS FOR APPLYING ETHYLENE OxipE. Ethylene oxide is 
obtainable in liquid form in cylinders. If small amounts only are used 
it can be drawn off by gravity flow into a tall glass jar, weighed or 
measured, and then poured directly into the evaporating trough or pan 
of the fumigating vault. As the liquid is highly volatile at ordinary 
temperatures it should be handled with speed, and the fumigating 
vault should be loaded and ready before the fumigant is drawn from 
the cylinder. 

Where large amounts are to be used, and for vacuum fumigation, it 
is desirable to have a graduated applicator into which any required 
amount of the liquid can be drawn. The applicator should be attached 
to the vault or vacuum tank so that the opening of a valve will allow 
the measured amount of liquid to run or be drawn into the fumigation 
chamber. Connections between the cylinder of ethylene oxide and 
the applicator should be of metal tubing rather than of rubber, as 
rubber is affected by the liquid. 

The temperature of the stocks and the room during the experiments 
reported upon below ranged from 75° to 78°F, and the dosages recorded 
are based upon the results obtained during these experiments. 

Rice. Polished rice can be treated either in bulk or in sealed cartons. 
It does not adsorb much of the gas, and comparatively small amounts 
of the fumigant are very effective against the insects that attack it. 
Bulk rice is more easily fumigated than packaged rice since more gas 
is required to penetrate the tightly sealed cartons. The dosages recom- 
mended are based on tests with adults and larvae of Tribolium confusum, 
larvae of Plodia interpunctella, and larvae of Tenebrioides mauritanicus, 
as they are more resistant to the vapors of ethylene oxide than other 
rice infesting insects. The rice weevil, Sitophilus oryza, which is regarded 
by many as the worst insect pest of rice, is very susceptible to this gas, 
and may be killed in as short a time as 10 minutes. 

In atmospheric fumigation, bulk rice can be freed of insect life by 
the use of one pound of ethylene oxide per 1000 cu. ft. of space during 
an overnight fumigation. Under similar conditions rice in cartons 
requires a dosage of two pounds per 1000 cu. ft. in order to obtain a 
perfect kill. 

In vacuum fumigation, ethylene oxide should be used in the propor- 
tion of three pounds per 1000 cu. ft. for one hour, or two pounds per 
1000 cu. ft. for two hours, for treating bulk rice; and three pounds per 
1000 cu. ft. for 2% hours, or two pounds for three hours, for rice in 
cartons. When used in combination with carbon dioxide two pounds 


Se 
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of ethylene oxide per 1000 cu. ft. for % hour, or one pound per 1000 cu. ft 
for 34 hour, is sufficient for the treatment of bulk rice; and three pounds 
per 1000 cu. ft. for 34 hour, or two pounds per 1000 cu. ft. for one hour, 
is required for the treatment of rice in cartons. 

In the treatment of bulk rice by vacuum fumigation the cost of 
handling could be greatly reduced by having the vacuum tank set on 
end. The rice could then be run in at the top and drawn off through a 
valve at the bottom and conveyed by a travelling belt to the bins or 
packing machines as desired. 

Beans. Dried beans of all types may be fumigated either loose or 
in bags. For atmospheric fumigation two pounds of ethylene oxide 
per 1000 cu. ft. of space for an overnight exposure will kill all weevils 
present whether the beans are in bags or in bulk. 

For vacuum fumigation three pounds of ethylene oxide alone per 
1000 cu. ft. for one hour, or two pounds per 1000 cu. ft. for two hours, 
will give a perfect kill. In combination with carbon dioxide, it is neces- 
sary to use two pounds of ethylene oxide per 1000 cu. ft. for 4% hour, or 
one pound per 1000 cu. ft. for one hour. 

Beans intended for seed purposes should not be fumigated with this 
gas since the vapors affect the germination. 

Driep Fruit. For the treatment of dried raisins either in bulk or 
in cartons one pound of ethylene oxide per 1000 cu. ft. of space will 
give satisfactory results in an overnight atmospheric fumigation pro- 
vided an air-tight vault is used. If the vault is not absolutely air- 
tight, double the quantity should be used. 

In vacuum fumigation two pounds of ethylene oxide per 1000 cu. ft. 
of space for 1% hours, or three pounds per 1000 cu. ft. for one hour, are 
necessary to give a perfect kill in both bulk and packaged raisins. 

In combination with carbon dioxide two pounds of ethylene oxide 
per 1000 cu. ft. for 44 hour, or one pound per 1000 cu. ft. for 114 hours, 
is sufficient. 

Nut Meats. Nut meats adsorb a much larger amount of gas than 
most other foodstuffs and consequently require a correspondingly 
greater dose to insure a perfect kill. For the fumigation of raw, shelled 
peanuts or other nut meats, a dosage of three pounds of ethylene oxide 
per 1000 cn. ft. for an overnight exposure under atmospheric conditions 
is required. If used with carbon dioxide only two pounds of ethylene 
oxide per 1000 cu. ft. is required. 

In vacuum fumigation three pounds of ethylene oxide per 1000 cu. ft. 
in combination with 28 pounds of carbon dioxide will give a perfect 
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kill in two hours. Ethylene oxide alone is not recommended for the 
fumigation of nut meats in vacuum owing to the excessive amount 
that would be required to effect a kill. 

For ready reference the following table has been prepared. It con- 
tains the dosages of ethylene oxide that have been found effective for 
the fumigation of various foodstuffs in atmospheric vaults and in vacuum 
tanks. 


TABLE 1. DosAGE TABLE FoR ETHYLENE OXIDE WHEN TEMPERATURE OF 
StocK AND Room ts 75°—78°F 
Pounds of Ethylene Oxide per 1000 cu. ft. and Length of Exposure 
Material Required to Kill All the Insects Infesting the Material 
Fumigated In an Atmospheric In a Vacuum Tank 
Vault 
Used Alone Used Alone Used with 14 Ibs. CO, 
Dried beans 2 Ibs. (overnight) 2 Ibs. for 2 hrs. 1 Ib. for 1 hr. 
(or 16 hours) 3 Ibs. for 1 hr. 2 lbs. for % hr. 
Dried raisins 1 lb. (overnight) 2 Ibs. for 1% hrs. 1 lb. for 1% hrs. 
(or 16 hours) 3 lbs. for 1 hr. 2 lbs. for % hr. 
Rice in bulk 1 lb. (overnight) 2 Ibs. for 2 hrs. 1 lb. for % hr. 
(or 16 hours) 3 Ibs. for 1 hr. 2 Ibs. for % hr. 
Rice in cartons 2 lbs. (overnight) 2 lbs. for 3 hrs. 2 Ibs. for 1 hr. 
(or 16 hours) 3 Ibs. for 2% hrs. 3 lbs. for 34 hr. 
Nut meats 3 Ibs. (overnight) : 3 lbs. for 2 hrs.! 
(or 16 hours) 
128 lbs. of CO, per 1000 cu. ft. should be used in the fumigation of nut meats. 


It should be noted that although insects, that have been fumigated 
with the vapors of ethylene oxide for the short periods recommended in 
vacuum fumigation, are quite active when first removed from the 
fumigation chamber, they die within a few hours. Just what is the 
physiological effect upon the insect has not been determined. 


CARBON DIOXIDE AS AN AID IN THE FUMIGATION OF 
CERTAIN HIGHLY ADSORBTIVE COMMODITIES 
By R. T. Cotton, U. S. Bureau of Entomology 


ABSTRACT 


The fumigation of highly adsorbtive commodities, such as nut meats, in vacuum 
is greatly facilitated by the admixture of carbon dioxide with other gases. 


When speed is essential in the fumigation of any product the vacuum 
fumigation method is resorted to. By this method results may be 
obtained in from one to two hours that would take from 12 to 14 hours 
to obtain by atmospheric methods. 

In order to obtain these quicker results, however, it is necessary to 
use correspondingly larger amounts of fumigants. Carbon disulfide 
for example will give a satisfactory kill in an atmospheric fumigation 
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vault at a dosage of two pounds per 1000 cu. ft. of space for 24 hours, 
whereas, it is customary for commercial fumigators to use as high as 
40 pounds per 1000 cu. ft. in vacuum fumigation. 

It is well known that in an empty fumigation chamber, within certain 
limits, the time required to kill a certain insect is in direct proportion 
to the dosage. If, however, the fumigation chamber is filled with 
merchandise, the factors of adsorption and absorption come into play 
and present problems that are difficult to overcome. 

The amount of adsorption or absorption is not constant. It varies 
first with the type of merchandise being fumigated, second with the 
fumigant being used and third with the temperature. In regard to the 
effect of temperature, Strand! in 1927 found that as the temperature 
decreased the adsorption increased. 

The difficulties, due to adsorption, experienced by various commercial 
firms in the fumigation of nut meats induced the writer to conduct a 
series of experiments, some of the results of which are given herewith. 

The experiments were conducted in small vacuum tanks, 8.7 liters 
and 21.76 liters in capacity. The insects used were adults of the con- 
fused flour beetle, Tribolium confusum, put up in cotton stoppered 
vials. This species was chosen because it is more resistant to the gases 
used than any of the common pests of stored nut meats. The insects 
were placed as near as possible to the center of canvas bags filled with 
raw peanuts. Each bag held approximately 2% pounds of peanuts 
and in all fumigations the vacuum tanks were filled to capacity with 
these bags. Four glass vials, each containing ten insects were used in 
each test. In all experiments the temperature was approximately 72°F. 

TESTS WITH CHLOROPICRIN. In an empty vacuum tank it required 
two ounces of chloropicrin per 100 cu. ft. of space to give a 100 per cent 
kill of Tribolium confusum adults in two hours at a temperature of 72°F. 
When the tank was filled to capacity with raw peanuts it was found 
impossible to obtain a 100 per cent kill in two hours even when a dose 
of 48 ounces per 100 cu. ft. was used. 

In an endeavor to obtain a kill in two hours with a reasonable amount 
of chloropicrin, tests were made with various mixtures of chloropicrin 
and carbon dioxide. 

After the customary 27 inches of vacuum was drawn the carbon 
dioxide was admitted to the tank followed immediately by the chloro- 
picrin. 


‘Strand, A. L., Univ. of Minn. Agr. Expt. Sta. Tech. Bul. 49, p. 17, 1927. 
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It was found that up to a certain point, the more carbon dioxide 
that was used the less chloropicrin was required to give a kill. When used 
with carbon dioxide at the rate of 2.8 pounds per 100 cu. ft. of space 
seven ounces of chloropicrin gave a 100 per cent kill of Tribolium con- 
fusum adults in two hours with the tank filled with raw peanuts. With 
4.2 pounds of carbon dioxide per 100 cu. ft., 4 ounces of chloropicrin 
per 100 cu. ft. gave a 100 per cent kill. 

Experiments in an empty vacuum tank for 30 minute exposures at 
72°F. indicated that the addition of carbon dioxide up to approxi- 
mately the rate of 4.2 pounds per 100 cu. ft. of space adds to the toxicity 
of chloropicrin in proportion to the amount of carbon dioxide used. 
Higher percentages of carbon dioxide apparently do not increase the 
toxicity of chloropicrin beyond this point. To summarize the experi- 
ments briefly, a one hundred per cent kill of Tribolium confusum was 
obtained in 30 minutes, with 6.6 ounces of chloropicrin per 100 cu. ft. 
when used alone; with 4.6 ounces of chloropicrin when used with 1.4 
pounds of carbon dioxide per 100 cu. ft.; with two ounces of chloropicrin 
when used with 2.8 pounds of carbon dioxide per 100 cu. ft. and with 
1.28 ounces of chloropicrin when used with 4.2 or more pounds of carbon 
dioxide per 100 cu. ft. of space. 

EXPERIMENTS WITH ETHYLENE OxipE. Experiments with ethylene 
oxide indicate that this gas is not adsorbed or absorbed by nut meats 
to such an extent as is chloropicrin. 

In an empty vacuum tank ethylene oxide used alone at the rate of 
3.2 ounces per 100 cu. ft. of space gave a 100 per cent kill of Tribolium 
confusum adults in two hours at 72°F. With the tank filled with raw 
peanuts it required 11.2 ounces of ethylene oxide per 100 cu. ft. to give 
a 100 per cent kill in two hours. 

With the addition of carbon dioxide at the rate of 2.8 pounds per 
100 cu. ft. four ounces of ethylene oxide gave a 100 per cent kill in two 
hours with the tank filled with peanuts. 

Larger amounts of carbon dioxide did not materially increase the 
toxicity of ethylene oxide. 

Additional experiments with other highly adsorbtive materials 
indicate that carbon dioxide can be used to advantage with other gases 
in the fumigation of many materials that have hitherto been difficult 
or impractical to successfully fumigate. 
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SOME DEVICES FOR HANDLING INSECTS 
By GeorGe WIsHArtT, Dominion Parasite Laboratory, Entomological Branch, 
Belleville, Ontario 


ABSTRACT 

The paper deals with new apparatus for handling adult insects by use of air 
currents. These have been developed in connection with the breeding and handling 
of parasitic insects and their hosts at the Dominion Parasite Laboratory, Belleville, 
Ontario. 

In rearing large numbers of parasitic insects and their hosts, the 
handling of the live adults forms a major part of the work. Until 
recently most of this handling in our laboratory was done with a camels 
hair brush, the insects being brushed off the cage into a vial or other 
receptacle. The apparatus described in this paper was devised to 
reduce the labour involved in this operation, and as far as possible, to 
eliminate injury to the insects handled. 

In the case of one insect, Microbracon brevicornis Wesm., it is neces- 
sary to place three or four adults of each sex in a small Stender jar. 
To fill a few hundred jars from a cage containing thousands of active 
adults by the old method was a patience-trying task, and usually fatal 


Fic. 20.—Simple suction catching apparatus. See Fig. 23 for explanation of 
lettering. 


to many of the flies. The device shown in Figure 20. has greatly reduced 
the labour involved in this operation. It consists of a small piece of 
glass tubing shaped into a nozzle and having a screen placed at a con- 
venient distance from the opening. This is connected by about 18 inches 
of rubber tubing to an ordinary large pipe stem. To operate, the pipe 
stem is held in the mouth and the glass tube in the hand, the open end 
of the tube is held near the insect to be caught and the breath drawn in. 
The suction thus created draws the insect into the tube and the screen 
prevents it from being drawn into the mouth. When the desired number 
of insects have been caught and it is desired to release them, the open 
end of the tube is placed where they are wanted and they are expelled 
by blowing gently through the tubing. In the case of small insects, the 
size of Microbracon, large numbers may be handled by this method 


234 
S or 
. RT PS RT 
4 
SS, 


February, '30] WISHART: DEVICES FOR HANDLING INSECTS 235 


without any appreciable fatigue to the operator. In nearly three years’ 
use with the species mentioned no injury to the insects has been noted 
when the apparatus was used with reasonable care. This type of 
apparatus has been suited to insects of various sizes by changing the 
size of the nozzle, but with the larger forms its continued use becomes 
tiring to the operator due to the greater amount of air required. 


Fic. 21.—Catching apparatus with filter for handling lepidoptera. See Fig. 23 
for explanation of lettering. 


For handling small lepidoptera, the presence of wing scales prohibits 
the use of the apparatus in this form, To make possible its use, a small 
filter (Figure 21) is inserted in the line of the rubber tubing. This is 
made from a two inch salve box. A piece of metal tubing is fastened to 
the top and bottom of the salve box and a piece of fine silk which acts 
as the filtering agent is held between these by a metal ring. In handling 
moths similar in size to the Oriental Peach Moth (Laspeyresia molesta 
Busck.), it was found that the hole in a pipe stem is not large enough to 
allow sufficient suction and a mouth piece of hard wood was made, 
which has proven to be satisfactory. Modifications in the position of the 
screen and the size of the nozzle may be made to suit individual require- 
ments. One worker using this apparatus reports handling over 600 
adults of the Oriental Peach Moth in one day, with very little fatigue 
and no irritation at all to the throat and lungs. 


Fic. 22.—Catching apparatus operated by hand power for handling lepidoptera. 
See Fig. 23 for explanation of lettering. 


Another piece of apparatus (Figure 22) operated by hand was also 
devised for handling lepidoptera. The nozzle of this is essentially the 
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same as that of the former and is attached to the rest of the apparatus 
by about 2 feet of rubber tubing. The rubber bulbs are those commonly 
used on atomizers. The one remote from the nozzle has the valves 
reversed so that instead of blowing it always sucks when pressed and re- 
leased. The other bulb has no valves and when the sucking bulb is 
being used acts only as a tube. In use, the bulb which has valves is 
pressed and the nozzle placed near the insect to be collected, and when 
the pressure is released, the suction thus created draws the moth into 
the tube. To expel it the other bulb is pressed quickly. When this 
is done some air escapes through the sucking bulb but enough is forced 
out through the nozzle to expel the moths. 


Fic. 23.—Collecting apparatus used in connection with vacuum cleaner. C, Cylinder; 
G T, Glass Tubing; L, Lever; M R, Metal Ring; N, Brass Nipple; P, Piston; 
P S, Pipe stem; R T, Rubber tubing; S, Screen; S F, Silk Filter; S P, Spring; 
V1, V2, Valves. 


When numbers of fairly large insects are to be handled, the use of the 
breath as a source of draft becomes impracticable and some mechanical 
method must be used. Where vacuum and compressed air are piped 
throughout the laboratory the problem is simple, requiring only a 
simple two way valve attached to a collecting nozzle. In the Belleville 
laboratory where these devices are being used such facilities are not 
available and use was made of the only mechanical source of draft viz. 
an ordinary vacuum cleaner. This provides both suction and draft 
but does not allow for either being cut off while the other is being used. 
That is, while the machine is being used for sucking purposes, the blow- 
ing opening of the cleaner must be open to the outside and vice versa. 
The apparatus shown in Figure 23 provides for this. With the exception 
the catching nozzle and the spring, all parts are of brass. The rubber 
tubing on the right connects with the suction opening of the cleaner 
and the tube on the left with the blowing opening, the place which is 
usually occupied by the dust bag. Two lines each eight feet long of 
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three-eighths rubber tubing are used to connect the collector to the 
cleaner; these are bound together with adhesive tape to prevent them 
being in the way more than is necessary. In the position in which the 
piston is shown the insects are drawn into the nozzle by the suction 
of the cleaner. At the same time the air coming from the blowing tube 
escapes through a vent in the piston and a hole in the rear of the cylinder, 
as indicated by the arrows. As is the case in the other apparatus, a 
screen prevents the insects from going farther than the glass tube. 
When it is desired to release the insects the lever is pressed forward. 
This moves the piston forward until the hole which was previously 
opposite the sucking connection is now opposite the blowing connection. 
The air is now flowing out through the nozzle and the insects are forced 
out with it. At the same time the suction tube to the cleaner is open 
to the air through the hole in the rear of the cylinder. Different sizes of 
nozzles are used for different insects as shown in Figure 23. These are 
easily attached or separated from the rest of the catcher, each one being 
cemented into a threaded brass nipple. 

It was found, no matter how strong a draft was used, that some of the 
larger hymenoptera could hold on syfficiently to the inside of the tube 
to prevent their expulsion. To facilitate their removal, the screen, 
which is of forty mesh wire, is fastened to a small light metal cylinder. 
This is fitted into the tube loosely enough to be blown back and forth 
as the direction of air changes. When in the sucking position the screen 
is in the position shown in Figure 23. When changed to the blowing 
position, the screen moves forward causing the insects to lose their foot- 
hold and be blown from the tube. 

A neutral position may be provided in which the piston is between the 
sucking and blowing positions and there is no movement of air in 
the catching nozzle. We have found this of value when examining 
for the presence of secondary parasites or other unwanted species. 


A METHOD OF SECURING EGGS OF THE ANGOUMOIS 
GRAIN MOTH 


By GeorceE W. EL.incTon, Asst. Entomologist, Bureau of Entomology, 
U. S. Department of Agriculture 


ABSTRACT 
A description of apparatus used to obtain eggs of the Angoumois grain moth in 
large numbers. 
Entomologists engaged in the rearing of certain. parasites, especially 
Trichogramma minutum (pretiosa) Riley, have sent so many requests to 
the Bureau of Entomology for a method of obtaining eggs of the An- 
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goumois grain moth, Sitotroga cerealella Oliv., that the writer has been 
asked to describe how he has obtained moth eggs for shipment to various 
investigators. The simple method described and illustrated herewith 
is that used by Mr. Perez Simmons and the writer during their study 
of the biology of the Angoumois grain moth. It is not a new method 
by any means, for it has been employed in the Bureau for obtaining the 
eggs of certain other stored-product pests. 

When wheat or corn infested with the Angoumois grain moth is kept 
in large battery jars, covered with cheese cloth, the adults can be 
collected in vials as they crawl up the side of the jars. Or the infested 
grain can be brought to a closed window and the moths collected from 
the window panes as they fly from the grain. 

About thirty to fifty adults can be placed in a vial 4 by 1 1/8 inches. 
The vial can be closed by using a pill-box cover held in place with a 
rubber band as indicated in Plate 8-A. Two strips of fairly stiff card- 
board cut and clipped together as shown in Plate 8-B are inserted, the 
end with the triangular cut entered first, for it aids in preventing the 
crushing of moths. 

The females deposit their eggs between the two strips in large 
numbers, as indicated in Plate 8-C. The strips should be removed as 
often as experiments require, as when they are left for longer than two 


days the moths tend to oviposit on the sides of the vial and on the under- 
side of the covers. Since the majority of the eggs are deposited in from 
three to four days after emergence, newly emerged adults should be 
collected daily in order to insure a continuous supply of eggs. 


THE RELATION OF THE SURFACE TENSION OF SOME SPRAY 
MATERIALS TO WETTING AND THE QUANTITY OF 
LEAD ARSENATE DEPOSITED' 


By Criype C. HamiLton, Associate Entomologist, New Jersey Agricultural 
Experiment Station 


ABSTRACT 

The paper discusses the theory of wetting and spreading of sprays containing 
spreader materials. The spreader materials tested were powdered skim milk plus 
lime, flour plus lime, saponin, casein plus lime and glue. Data and charts are given 
showing the surface tension curves, time required to wet clean glass plates and wax 
coated glass plates, and the quantity of lead arsenate deposited, when the spreader 
materials mentioned above were used at varying concentrations. Methods of spray- 
ing and obtaining the data are given. 


‘Paper of the Journal Series, New Jersey Agricultural Experiment Station, Depart- 
ment of Entomology. 


Plate 8 


A. Glass vial container for confining adult moths with strips of cardboard for egg- 
laying; B. Strips of cardboard removed from vial; C. Strips of cardboard covered 
with eggs. 
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Considerable attention is being given at the present time towards 
making our spray materials more efiective. Of the various methods of 
attacking this problem one is by studying the wetting of the sprayed 
surface and more particular, in case of contact insecticides, the pene- 
tration of the spray into the spiracles and tracheae, while, in the stomach 
poisons the deposition of the poisonous material over the spray surface is 
receiving more attention. The efficiency of most of our insecticides 
can be increased several times if we can bring about a better wetting of 
the insect’s body in the case of contact poisons, or a better distribution 
or large deposition of the toxic material in the case of stomach poisons. 
The data presented in this paper is taken from a considerably larger 
amount of data dealing with other phases of the wetting, spreading and 
adherence of arsenical spray materials. 

DIscUSSION OF THE THEORY OF WETTING AND SPREADING. There 
has been some difference of opinion regarding the meaning of the terms 
“wetting” and “‘spreading.’’ The wetting of a solid by a liquid occurs 
when the liquid comes in direct contact with the solid so that no layer 
of air exists between the two materials. Water on the surface of a glass 
plate, a wax coated glass plate, a leaf or any other solid material, may 
be assumed to have wetted the surface of the solid if it does not roll off 
when the surface of the solid is tilted to a perpendicular position. On 
the other hand, spreading occurs when the liquid spreads or creeps 
over the surface of the solid so that it covers an area greater than that 
which it covered when first placed upon the solid. Spreading occurs 
when the pull exerted by the solid to become wet is greater than the 
pull exerted by the surface of the liquid to air. Wetting must occur 
before spreading can take place. 

There are a number of factors which influence the wetting and spread- 
ing of liquids upon solids. Cooper and Nuttall (1) and Woodman (3) 
give an excellent discussion of the theory of wetting, and Moore (2) 
discusses the wetting and spreading of arsenical sprays. Other workers 
have discussed the subject but the three mentioned give excellent re- 
views and discuss the problem in greater detail. 

Of the various factors influencing the wetting and spreading of spray 
materials the surface tension factors are among the most important. 
These are the surface tension of the liquid, the surface tension of the 
solid and the interfacial tension between the liquid and the solid. 
The surface tension of the liquid is the only one of these three factors 
which can be easily measured. Stellwaag (4 and 5) gives a method for 
determining the wetting power of liquids to solids by determining the 
angle formed by the liquid with the solid. This gives an approximate 
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value for the interfacial tension between the liquid and the solid. It is 
difficult to use however and has not been made use of by the writer. 
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Fic. 24.—Showing the relation between the surface tension of a spray containing 
powdered skim milk and lime as a spreader, the time to wet the sprayed surfaces 
and the quantity of lead arsenate deposited. Incomplete wetting is indicated by 
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The interfacial tension values between a liquid and a solid will change 
with either changes in the surface tension of the liquid or the surface 
tension of the solid. Since the surface tension of the solid can not be 
obtained workers have in most cases used the surface tension of the 
liquid as an indicator of its wetting value. 

A comparison of the interfacial tension values between liquids and 
solids, may be obtained by noting the time taken to wet the sprayed 
surface. 

The wetting ability of a spray material may be obtained by determin- 
ing the time required to wet uniform solids when the surface tension 
of the spray liquid is changed by varying the per cent of spreader ma- 
terial it contains. In this case we have one constant value, the surface 
tension of the solid, and two variables, the surface tension of the spray 
material, which is known, and the interfacial tension between the liquid 
and the solid, which is represented by the time required to wet. A 
second method of determining interfacial tension relations is by spray- 
ing different solids with the same spray liquid and at the same surface 
tension. In this case we have one constant, the surface tension of the 
liquid which is known, and two variables, the time to wet the different 
solids, which is also known, and the surface tension of the solids which 
is not known. 

The data presented in the following pages compare the wetting of 
several different spray materials at different per cents when sprayed on 
clean glass plates and wax coated glass plates. It also shows the relation 
existing between the surface tension of the spray material, and the time 
to wet, and the quantity of lead arsenate deposited on the sprayed 
surface. 

METHODS OF PROCEDURE. The spreader materials tested were 
powdered skim milk plus lime, flour plus lime, saponin, casein plus 
lime, and glue. These spreader materials were used at the per cents 
indicated in the table with the addition of dry powdered arsenate of lead 
at the rate of 112 pounds to 50 gallons of water or 1.8 gms. to 500 c.c. 
of water. Clean glass plates and glass plates coated with wax extracted 
from dried apple peelings were used for spraying. These plates were 4 x 
5 inches and were sprayed in series of four at a time. The time noted 
in the tables and charts is the time required to wet four such plates and 
represented the average of three sprayings. The quantity of lead 
arsenate is given in milligrams per 10 square inches and represents the 
average of 5 plates or 100 square inches. The plates were sprayed by 
using a “Brown continuous air sprayer,”’ of a quart capacity, keeping the 
nozzle a ta uniform distance of 2 feet and an air pressure of 15 pounds. 
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The analyses of the quantity of lead arsenate were made by dissolv- 
ing the lead arsenate in a 1 per cent sodium hydroxide solution, pre- 
cipitating lead sulfide with hydrogen sulfide gas and comparing the 
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Fic. 25.—Showing the relation between the surface tension of a spray containing 
flour and lime as a spreader, the time required to wet the sprayed surfaces and the 
quantity of lead arsenate deposited. Incomplete wetting is indicated by an *. 
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color with known standards, Hamilton and Smith (6). A separate an- 
alysis was made for each individual 4 x 5 plate and the results given 
represented an average of 5 such analyses. The quantity of lead arsenate 
on the individual plates for each series, varied but little as long as they 
were uniformly wet. 


60 


SURFRCE TENSION 


50 
HUNOREDTHS MoMS 
LERD ARSENATE 


40 


30 


20 


“Seconds To wet WAKED GLASS PLATES, 


SECONDS TO WET CLERN GLASS dis 


PERCENT SAPONIN IN THE SPRAY ° 2°? 


Fic. 26.—Showing the relation between the” surface tension of a spray containing 
saponin as a spreader, the time required to}wet the sprayed surfaces, and the 
quantity of lead arsenate deposited. Incomplete wetting is indicated by an ‘s 
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PRESENTATION OF Data. The data presented in this paper is a sum- 
mary of one experiment representing only a small part of the different 
laboratory experiments. This data is!given,in Table number 1 and 
shown graphically in Figures 24 to 29 inclusive. | 
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Fic. 27.—Showing the relation between the surface tension of a spray containing 
casein and lime as a spreader, the time to wet the sprayed surfaces and the quantity 
of lead arsenate deposited. Incomplete wetting is indicated by an *. 
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sum The surface tension is given in dynes per square centimeter, the lead 
rent arsenate deposited on the clean glass plates in hundredth of milligrams 

and per 10 square inches and the time to wet 4 clean glass plates or 4 waxed 
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glass plates in seconds. The quantity of lead arsenate on the waxed glass 
plates has not been charted. Incomplete wetting is indicated by an *. 

In presenting the data given in Table number 1 and figures 24 to 29 
it is desired to call particular attention to the similarity of the surface 
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Fic. 29.—Showing the relation between the surface tension of a spray containing 
glue as a spreader, the time required to wet the sprayed surfaces, and the quantity 
of lead arsenate deposited. Incomplete wetting is indicated by an *. 
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tension curves; the curves showing the time required to wet clean glass 
plates and waxed glass plates and the relation existing between the 
time required to wet the clean glass plates and the quantity of lead 
arsenate deposited upon the sprayed surface. 

Figures 24, 25 and 26, giving the data for powdered skim milk, flour 
and saponin, respectively, show a very similar surface tension curve for 
similar dilutions. The surface tensions of the spray material increased 
rather slowly until the spreader material in the spray was decreased to 
between 0.25 and 0.125 per cent, below which dilutions it began to 
increase much more rapidly. Figure 27 giving the data for casein plus 
lime, and figures 28 and 29 giving the data for glue are not directly 
comparable with the first three figures, since the spreader materials 
were not used at the same per cents. It will be noticed, however, that 
the surface tension increased rather rapidly for all dilutions used in 
figure number 27 (casein) and figure number 28 (glue). If the dilutions 
of casein and glue used in these two figures had been charted on the 
same basis as for figures 24 to 26 the curve would have been the same. 

Figure 29 gives data for glue when used at considerably higher con- 
centrations than any of the other spreader materials. The surface 
tension at the higher concentrations, i.e., from 5% to 2% is lower than 
for any of the other spreader materials. At 1.0% glue the surface 
tension is slightly higher than for similar concentrations of powdered 
skim milk, flour, saponin and casein. 

The time required to wet the clean glass plates, and also the waxed 
glass plates, showed a definite relation to the surface tension of the spray 
material. As the surface tension increased the time required to wet the 
clean glass plates increased at almost the same rate. There is a con- 
siderable similarity in the curves showing the time required to wet clean 
glass plates when sprayed with powdered skim milk, flour, casein and 
glue when used at similar dilutions. Saponin wet the clean glass plates 
at the higher dilutions much easier than did the other spreader ma- 
terials. The other materials, as is indicated by an * in the charts, 
would not wet at high dilutions, or if a film was formed during spray- 
ing this film rolled up and collected in drops after spraying was dis- 
continued. 

Figure 29 giving the data for glue at higher concentrations shows 
the effects of viscosity of the spray material on the rapidity of wetting. 
Glue at dilutions ranging from 5% to 2% inclusive had a lower surface 
tension than did glue at 1%, but the time required to wet the clean 
glass plates was slightly greater as the per cent of glue increased. At 
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dilutions of glue less than 1% the time required to wet clean glass 
plates gradually increased as the surface tension increased. 

The wax coated glass plates in all instances wet noticeably harder 
than did the clean glass plates. It will also be noticed that incomplete 
wetting, or no wetting at all, occurred at the higher dilutions of the 
spreader materials much quicker on wax coated glass plates than on 
clean glass plates. It should also be noticed that glue would not wet the 
wax coated glass plates even when used at concentrations as high as 5%. 
A film was formed during the process of spraying, which, however, 
collected in drops after spraying was discontinued. Saponin wet the 
waxed glass plates at the higher dilutions almost as easily as it wet 
the clean glass plates. The spray containing saponin, instead of collect- 
ing in drops after spraying was discontinued seemed to continue spread- 
ing until a smooth uniform film was formed. 

The quantity of lead arsenate deposited upon the sprayed plates 
shows, wherever good wetting occurred, that in most cases it was direct- 
ly proportional to the surface tension of the spray material or the time 
required to wet. As the surface tension increased, the quantity of lead 
arsenate deposited by spraying increased. Wherever incomplete wet- 
ting resulted, as is indicated by an *, the quantity of lead arsenate de- 
posited by spraying was very erratic. Figure 27 giving the results of 
tests with casein does not conform to the general rule. This may be 
because casein was used in these tests at rather high dilutions, which 
dilutions were possibly approaching the “breaking point.’’ Saponin at 
1.0% also did not conform to the general rule, possibly because of the 
rather high viscosity of saponin at this dilution. 

SumMARY. The surface tension of spreader materials such as 
powdered skim milk plus lime, flour plus lime, saponin, casein plus lime, 
and glue when diluted so as to contain the same per cent of spreader 
material, does not differ greatly. The surface tensions rise somewhat 
slowly at dilutions containing 1.0% to 0.25% beyond which dilutions 
the surface tension increases at a much more rapid rate. 

The time required to wet clean glass plates and waxed glass plates was 
proportional to the surface tension. Waxed glass plates required a 
longer time to wet and incomplete wetting resulted at higher dilutions 
quicker than on clean glass plates. 

Glue did not wet the waxed glass plates at any of the concentrations 
tested, while saponin wet the waxed glass plates almost as readily as it 
wet the clean glass plates. 

In general the quantity of lead arsenate deposited on the clean glass 
plates or the waxed glass plates increased as the surface tension of 
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the spray material increased or as the time required to wet the sprayed 
surface increased. It is evident that as the surface tension of the spray 
material increased, and the difficulty of wetting increased, a thicker 
film of spray liquid was required to give good wetting and that this 
thicker film of spray liquid resulted in a greater quantity of lead ar- 
senate being deposited upon the sprayed surface. 

The wetting ability of a spray material may be obtained by determin- 
ing the time required to wet a uniform surface at different concen- 
trations and different surfaces at the same concentration. 
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THE EFFECT OF PYRETHRUM EXTRACT ON WIREWORMS 
AND UPON PLANTS INFESTED BY THEM! 


By Tuomas J. HEADLEE, Ph.D., Entomologist, New Jersey Agricultural 
Experiment Stations 


ABSTRACT 
A mixture of pyrethrum extract and soap can be used to destroy wireworms 
without injuring the plants on which they are feeding. Soils through which this 
mixture penetrates affect the toxicity of both the pyrethrum extract and the soap. 
This reduction in toxicity is least when the soil is composed exclusively of sand and 
increases as the clay component becomes larger. , 


‘Paper of the Journal Series, New Jersey Agricultural Experiment Station, Depart- 
ment of Entomology. 
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INTRODUCTION 


In view of the vast amount of study given to the problem of destroy- 
ing wireworms by chemical means and the universal failure to find 
any treatment which can be used for their destruction (when found 
injuring plants) and leave their plant hosts unhurt, it has seemed 
worthwhile to make a preliminary report on the use of pyrethrum 
extract which, during the season of 1929, has been found to destroy 
wireworms without injuring the host plants upon which they were 
feeding. This discovery was first made by Robert G. Hepburn, a 
former Rutgers University student in agriculture, who was at that 
time and is now engaged in the production of vegetable crops in Essex 
County, New Jersey. Mr. Hepburn communicated his results to the 
County Agricultural Agent, Mr. R. E. Harman, and the County 
Agricultural Agent invited our attention to the matter. 

The material utilized is known under the trade name of ‘‘Pyrethrol”’ 
the stock solution of which runs about five per cent oleoresin of pyre- 
thrum and 45 per cent sodium oleate soap. In as much as the average 
amount of oleoresin obtained from a pound of pyrethrum flowers is 
20 per cent of the dry weight of the flowers and pyrethrin I and II 
range from 14 to &% per cent of the dry flowers, we have in this material 
pyrethrin I and II in the amount of 0.0833 to 0.125 per cent actual 
toxic principle. All the data submitted will be given from the standpoint 
of the oleoresin of pyrethrum, which can, with this basis, be readily 
transformed into actual toxic principle. 

Fre_p Stupies. Experiments were set in the field on two different 
farms on which different soil conditions obtained. The following 
experiment was set on June 2nd and examined on June 3rd or approxi- 
mately 24 hours later. One-fourth of a pint of the diluted ‘“‘Pyrethrol” 
was poured around the base of each plant and this treatment wet the 
soil pretty thoroughly to a depth of about four inches. The paralyzed 
larvae were collected and placed in tin cans partially filled with soil 
taken from the field. Of the lot gathered on the Hepburn farm five 
of the paralyzed larvae died while of the lot gathered on the Young 
farm % of the paralyzed larvae treated with the old ‘“Pyrethrol”’ 
died and all of the paralyzed larvae from the new ‘‘Pyrethrol”’ treatment 
died. The results of this experiment are set forth in Table 1. 

This table shows that when dealing with new or fresh “Pyrethrol” 
at a dilution with water of 1 to 50 a high per cent of the larvae about 
the base of the infested plants was destroyed because most of the para- 
lyzed larvae eventually died. 
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The host plants experiencing this treatment included cabbage, 
sweet corn, horse radish, lima beans and string beans. These plants 
were kept in close observation and no appreciable damage chargeable 
to the treatments was suffered by them. 

LABORATORY StuprEs. In order to get figures from controlled experi- 
ments a laboratory study of the effect of ‘“‘Pyrethrol’’ was set up. Six 
clay flower pots, five inches in diameter at the top and six inches deep, 
were used. Each pot was filled with sassafras loam soil and trans- 
versely divided into one inch chambers by discs of 16 mesh wire gauze. 
In each chamber except the lowest three wireworms and three grains 
of corn were planted. The lowest inch received no wireworms nor 
corn, making 15 worms per pot. One-fourth of a pint of ‘“Pyrethrol” 
mixture with water was poured upon the surface of each pot, the actual 
surface area of which was approximately 19.625 square inches while 
the surface of the soil receiving the same treatment in the field was 
only about 7.0686 square inches. The field treatment, therefore, 
received about 2.7 times as much material per square inch as did the 
pot treatments. This experiment was set up on June 19, 1929 and was 
examined 18 hours later. A careful check on recovery was kept. At 
the time of examination the worms were either dead or alive. There 
were no cases of paralysis, that effect having disappeared before the 
examinations were made. The results of this study are set forth in Table 2. 

This table shows 1 to 25 as effective as 1 to 15 and indicates that 
the kill is, in general, proportional to the strength used except where 
the strength of solution becomes greater than the optimum. 

At this stage of the investigation it became obvious that, in as much 
as the possibility of destroying wireworms with pyrethrum extract 
and soap seemed to have been demonstrated by the preceding experi- 
ments, the direct effect of this mixture upon the worms without soil 
interference should be determined. It also seemed obvious that follow- 
ing this determination of direct effect should come a study of the rela- 
tion of the soil, in which the wireworms normally live, to the effect 
of this mixture upon the worms themselves. 

Attacking the first phase of this problem individual wireworms 
were enclosed in watch-glass moist-chambers and a drop of pyrethrum 
extract and soap mixture was placed upon the jaws of each. Almost 
instantly after the drop touched the jaws it spread over the entire 
surface of the insect. This phenomenon is one with which the writer 
has been familiar for several years. The interfacial tension between 
the integument of wireworms and distilled water is almost nil. A 
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drop of distilled water placed upon the jaws of the wireworm instantly 
envelops the worm’s entire body. The results of this study are set forth 
in Table 3. 

This table shows that a concentration of 1 to 25 is apparently neces- 
sary to produce death and that a concentration of 1 to 15 is more certain 
to accomplish this result. It must be remembered, however, that the 
film of solution covering the body of the wireworm was extremely thin 
and that only a very small portion of that film could be expected to 
penetrate the spiracles. As a matter of fact the film probably ranged 
from about 3 to 10 microns in thickness. 

Now comes the study of the relation of the soil factor to the effect 
of this material upon the worms. The soils used in this study were 
sassafras loam which were not as heavy as the clay soils of the Hepburn 
place nor as light as the sandy loam of the Young farm. These soils 
were stabilized to dryness before being used. 

It was thought well first to determine the effect of soil filtration 
upon the surface tension of the mixture and, of course, changes in surface 
tension through filtration should be chargeable to the removal of soap. 
Table 4 sets forth the results. 


TABLE 4. Stupy OF THE EFFECT OF FILTERING PYRETHRUM EXTRACT THROUGH 
Sor, ON SURFACE TENSION OF AQUEOUS SOLUTION 


Mixture of Inches of Soil Surface Tension 
Pyrethrol Per cent Per cent Through Which in Dynes per 
and Water Oleoresin Soap Solution Poured Centimeter 

1 to 15 0.33 3.0 0.0 29.86 

1 to 15 0.33 3.0 4.0 40.94 

1 to 15 0.33 3.0 6.0 49.2 

1 to 15 0.33 3.0 7.0 51.92 

1 to 15 0.33 3.0 10.0 59.4 

Distilled water 


This table shows a steady increase in surface tension as the mixture 
was filtered through the sassafras loam soil. Starting with a surface 
tension of 29.86 dynes per centimeter it rose, when filtered through 
10 inches of sassafras loam soil to 59.4 dynes. Obviously, very con- 
siderable amounts of soap are removed in this process. 

The next step was to find out whether this reduction in surface 
tension had any reduction in toxicity correlated with it. To determine 
this matter the pyrethrum and water mixture was filtered through 
various depths of soil and a certain amount of liquid caught, 51 cc in 
each case. In order to drive this mixture through in a limited time 
after it had soaked into the soil it was followed by water in measured 
amounts. The toxicity of the filtrate was tried against Aphis rumicts. 
The results are set forth in Table 5. 
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This table shows a very rapid diminution of toxicity for the first 
four inches and a slow but steady diminution in toxicity from that 
point on. 

Thus far there has been no attempt to separate the effect of filtra- 
tion upon the pyrethrum extract and upon the soap. This phase of 
the question was next considered. The combined material was filtered 
through sassafras loam soil as before without adding any water to 
force it through. One-half of the filtrate in each case received an addi- 
tional soap to bring the surface tension back approximately to that at 
which the start was made. The other half was tested as it came through. 
The results of this study are set forth in Table 6. 

This table shows that toxicity of the soap is reduced by filtering 
the solutions through soil because replacement of lost soap is followed 
by increased kill. This table shows that toxicity of the pyrethrum 
extract is also reduced by the process because the addition of the 
requisite soap to bring the surface tension back to about the original 
exhibits a kill at the 10 inch level of less than % of the percentage of 
lice destroyed by the “Pyrethrol’’ and water solution before it was 
filtered through soil at all. 

Thus far the laboratory soil study has been concerned on one type 
of soil only. At this point it seemed advisable to try a soil in which 
the removal of soap and of pyrethrum extract would have to occur 
through adsorption only. Accordingly, a soil composed of washed quartz 
sand was employed and the tests were carried out along the same lines 
as before. The results are set forth in Table 7. 

This table shows that filtration through even 10 inches of washed 
quartz sand reduces neither the surface tension nor the toxicity of 
the ‘‘Pyrethrol” and water mixture. Obviously then the removal of 
soap and pyrethrum extract is not a matter of physical adsorption 
when one is dealing with a soil composed of ordinary crystalline ma- 
terials. In connection with this conclusion it is worthwhile remember- 
ing that the soil on the Young farm, as shown in Table 1 was a sandy 
clay loam, and that the toxic effects of material at that place were 
uniformly better than in the heavy clay soil of the Hepburn farm. 


DISCUSSION AND CONCLUSIONS 


Apparently for the first time in the history of fighting wireworms 
a material has been found which can be applied to the plants that are 
being injured, the worms destroyed and the plants left unhurt. The 
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plants tested covered a considerable range of the vegetables that are 
likely to be infested with wireworms and the absence of injury on those 
tested gives one reason to hope that this range is very much wider 
than the present tests have covered. 

Exactly what part soap, on the one hand, and pyrethrum extract, 
on the other, play in the efficiency of this mixture has not been deter- 
mined in the course of this study, but it has been indicated that both 
are important. In Table 6 reduction in soap content through soil 
filtration is accompanied by reduction in toxicity and replacement of 
soap content brings back toxicity but never to its original point. This 
shows that pyrethrum extract is an important toxic agent in the com- 
bination. Again in Table 6 filtration through six inches of soil gives 
a filtrate 33.8 per cent killing power. Replacement of the lost soap in 
the same filtrate gives to that filtrate a killing power of 63.2 per cent. 
This demonstrates that soap is an important factor in toxicity. It is, 
of course, recognized with making the above statements that the toxicity 
is being measured in Table 6 against Aphis rumicis and not against 
wireworms but it must be remembered also that we are dealing with 
pyrethrum extract and soap mixtures that had been filtered through 
soil and consequently with a mixture which must be expected to affect 
the wireworm. The writer is sorry that he failed, in the course of this 
study to try soap alone in the work comprehended in Table 3 where 
it should probably have come in. 

It is indicated that filtration through soil reduces the toxicity of 
both the soap and the pyrethrum extract and that the greater the 
extent to which the soil is composed of clay the greater is the reduction 
in this toxicity. It has been indicated that physical adsorption is not 
alone responsible for this reduction in toxicity, although physical adsorp- 
tion in the more collodial materials, such as clay, would be apt to be a 
much more important factor. 

It has been shown in Table 2 that the reduction in toxicity of this 
mixture to wireworms is somewhat proportional to the depth of soil 
through which it is filtered and that it is most toxic in the upper layers. 
It is indicated by these studies in general that the toxicity reduction 
in the first four inches is not a particularly serious matter even where 
the soils are of a clay type. Other data in possession of the writer 
indicate that the adding of water for the purpose of driving the solution 
deeper results in dilution of the material and in reduction of toxicity 
from that standpoint. These data indicate that if deeper penetration 
is desired more of the mixture should be applied to the surface. 
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TOXICITY OF PYRETHRUM VAPORS TO INSECTS 
By Dr. Joserpn M. GinsspurG, New Brunswick, N. J. 


(Withdrawn for publication elsewhere) 


Friday Afternoon, November 22, 1929 


THE EFFECT OF TALC ON THE OVIPOSITION OF A TRYPETID' 


By Rosert C. Burpette, Associate Entomologist, New Jersey Agricultural 
Experiment Station 


ABSTRACT 
Talc when dusted on pepper plants materially reduced the oviposition of the 
pepper maggot fly, Spilographa electa, in the pepper fruit. The tale acted on the 
fly either as a repellent or as a mechanical barrier to oviposition. Failure to maintain 
a coating of the talc on the plants when the fly is on the wing results in a prompt 


increased infestation in the peppers. 


The pepper maggot (Spilographa electa Say) has been of economic 
importance to the pepper crop in New Jersey for the last 12 years. 
All measures carried out and looking toward a control of this fly until 
the present year have proven of no apparent economic value. The only 
exception to this general rule is the practice of picking and marketing 
peppers green. This is, of course, a community measure and one 
very difficult to introduce into successful practice. 

During the winter of 1928-1929 the question of the possibility of 
using mechanical barriers to prevent this insect from oviposition 
was given consideration. Headlee* had shown that the larvae of the 
bean weevil (Bruchus obtectus Say.) could be prevented from entering 
the dried bean seed by coating the seed thinly with a layer of colloidal 
clay dust. Driggers* had shown that the Oriental peach moth larvae 
could be destroyed to the extent of more than 90 per cent if the foliage 
and twigs over which they crawled were thinly coated with tale or mica 
dust. In both instances the dusts covered the holdfasts of the insects 
and prevented them from gripping the surface on which they were 
working with sufficient power to carry on their normal processes. 
In the case of the bean weevil larvae the holdfasts became so coated 
that the insect was unable to grip the bean surface with sufficient 
power to gnaw its way through the skin. In the case of the Oriental 


'Paper of the Journal Series, New Jersey Agricultural Experiment Station, Depart- 
ment of Entomology. 

*Headlee, T. J., Report of the Department of Entomology, N. J. Agricultural 
Expt. Station, for the year ending June 30, 1923. P. 265-268. 

*Driggers, B. F., Journal Economic Entomology, V. 22, No. 2, pp. 327-334. 
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peach moth the larval holdfasts were so coated that it was unable 
to crawl on the surface of the foliage or twigs, slipped and fell to the 
ground and could not get back on the tree. These facts led the writer 
to wonder whether dusts would not act in a similar fashion with the 
pepper maggot adult. 

Two experiments were tried. The first was concerned with the 
common house fly (Musca domestica) and was undertaken because the 
pepper maggot fly was not at that time available. The inside of a 
large glass bell jar was dusted with tale. The adult house flies intro- 
duced into this bell jar were totally unable to crawl up the sides or 
adhere to the ceiling. Examination of the feet of these flies showed 
that the pulvilli were completely coated with the tale dust. As soon 
as practical thereafter the writer caused early emergence of the pepper 
maggot fly and tested these flies in the same way. They, too, were totally 
unable to crawl up the sides or on the ceiling of the dusted bell jar 
while in a similar container without talc dust they were perfectly able 
to crawl over the sides and adhere to the ceiling. Examination of their 
pulvilli showed that they were completely coated with the tale dust. 

It is known that the pepper maggot fly must be able to grip the sur- 
face of the young pepper with sufficient stregnth to drive its ovipositor 
through the epidermis of the pepper. It was thought, therefore, likely 
that if the young pepper at the time it was especially susceptible to 
oviposition was kept coated with tale dust the pepper maggot fly 
would be unable to insert her eggs through its skin. When the season 
of 1929 opened and the flies appeared a number of field experiments 
were undertaken to test this idea. 

FieLtp StupiEs oN Tatc Dust AGAINST THE PEPPER Maccot. A 
field of 31 rows was dusted with talc to note the effect of the material 
on the flies. The first dust was applied on July 16th five days after 
the flies were observed ovipositing in the young peppers. The 10th, 
2ist and 3lst rows were left undusted as a check. When the dusting 
was completed, careful checking of the rows where the dust was ap- 
plied showed no flies resting on the plants or young peppers. When 
the rows that were left undusted were checked, a very large number 
of flies were found. As high as five flies were captured at one time on a 
single plant. After observing this condition, a check of the infestation 
of the field was made. 

The determination of the infestation of a pepper field was made by 
opening peppers ranging from % inch to 114 inches in diameter and noting 
whether eggs were present or not. This size pepper is preferred by the 
pepper fly for oviposition. When the peppers become larger than 1% 
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inches in diameter eggs are very rarely deposited in them. The growth 
of the young peppers is very rapid, so that a check of the field can 
be made every two weeks on a new lot of young peppers. This method 
allows one to follow the egg infestation of the peppers as the season 
progresses. The maximum number of flies are found in the field from 
about July 15 to August 5. The number of flies and eggs diminish 
until about August 20 when none can be found in the field. 


TABLE 1. Count or INJURED PEPPERS ON CHECK BLOCK AND TALC DusTED 
BLock at Mr. BurLew’s FIELD. 


Total No. Per cent 
Type of Date of Date of Peppers Peppers Peppers 
Injury Checking Dusting Counted Injured Injured 


Check Dust Cheek Dust Check Dust 
Egg puncture fay 16 July 16,23 27 53 13 15 50 28 


Egg puncture uly 27 ] 63 76 31 4 492 5.2 
uly 29 

Egg puncture Aug. 9 Aug. 2,8 63 120 12 4 19 33 

Egg puncture Aug. 23 30 50 1 0 3.3 0.0 

Larva Aug. 29 65 120 23 2 35 1.7 

Larva Sept. 10 125 127 19 0 15.5 0.0 

Larva Sept. 25 52 0 0.0 


Table 1 gives the results of the use of tale on this field. The 28 
dusted rows showed 28 per cent infestation on the day the dust was 
applied, while the three rows left undusted showed 50 per cent infesta- 
tion. The weather for the next seven days was cloudy with a little rain. 
Where the dust had been used, no flies were found, while large numbers 
were found on the undusted rows. The block was redusted on July 23rd. 
A check of the infestation was made on July 27th. The undusted rows 
showed 49.2 per cent infestation and the dusted rows 5 per cent infesta- 
tion. The field was redusted on July 29th. A rain washed the dust 
off on August Ist and it was then redusted on August 2nd. The last 
dust was applied on August Sth. A check of the field on August 9th, 
showed only 3.33 per cent infestation on the dusted block and 19 per 
cent infestation on the undusted rows. Another check of the field was 
made for eggs on August 23rd. No eggs were found on the dust block 
and only one egg was found in the undusted rows. 

The peppers in this field were of the bull nose variety and were 
allowed to redden in the field. On August 29th, a check of the peppers 
for maggots was made. In the dusted block, only 1.7 per cent of the 
peppers showed maggots while the undusted rows showed 35 per cent 
of the peppers infested with maggots. A small picking of the peppers 
was made at this time. On September 10th another check of the field 
was made. No maggots were found in the peppers from the dusted 
block and 15.5 per cent of the peppers from the undusted rows had 
maggots in them. 
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TABLE 2. Count oF Peprers WitH EGGs on Tatc DustEep BLocK AND 
Cueck BLock AT Mr. ADLER’S FARM. 
Total No. Per cent 
Date of Checking Date of Dustings Peppers Peppers Peppers 
Counted With Eggs With Eggs 
Check Dust Check Dust Check Dust 


uly 18 jay 18 31 35 2 1 645 28 
uly 27 uly 22 40 30 2 0 5.0 0 

August 10 70 60 3 4 43 6.67 
August 24 50 50 0 0 0.0 0.0 


Table 2 gives the results of tale dust on a second field of about one 
acre of peppers of the bull nose variety. This field, which had 50 rows, 
was divided into two equal parts; one part was dusted and the other 
left as a check. 

Upon checking the blocks July 18th just before dusting, the block 
not to be dusted showed 6.4 per cent infestation, while the block to be 
dusted showed 2.8 per cent infestation. Another application was 
made on July 22nd. A check of the blocks on July 27th, showed an 
infestation of 5 per cent in the undusted block and 0 per cent in the 
dusted. No more dust was applied to this block because the plants 
were heavily infested with aphis. The secretions from the aphis and the 
tale made a very messy combinatiori on the peppers as they were being 
picked for market at this time. A check on the blocks was made on 
August 10th, the undusted block showed 4.3 per cent infestation and 
the block where the dust had been applied earlier showed 6.7 per cent 
infestation. The infestation immediately jumped up when dusting 
was stopped. 


TABLE 3. Count oF INJURED PEPPERS ON TALC DusTED AND UNDUSTED 
Biocks At Mr. Cevasco’s FARM 


Total No. Per cent 
Type of Date of __ Date of Peppers Peppers Peppers 
Injury Checking Dusting Counted Injured Injured 
Check Dust Check Dust Check Dust 
Eggs in peppers July 17 jury = 59 58 29 28 58.0 483 
uly 
Eggs in peppers July 27 July 27 54 50 25 10 46.0 20.0 
Aug. 2, 5 
Eggs in peppers Aug. 9 75 = 100 11 1 14.7 1.0 
Eggs in peppers Aug. 23 50 83 0 0 0 0 
Larvae Sept. 4 50 60 22 12 440 20.0 


Table 3 gives the results of the talc dust on a third field containing 
about three-quarters of an acre. One-half of this field was left undusted 
as a check. This field was first checked and then dusted on July 17th. 
The check at this time showed 58 per cent infestation on the block not 
to be dusted and 48 per cent on the block to be dusted. A second dusting 
was made on July 24. A check of the infestation was made on July 27th, 
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the dusted block showed 20 per cent and the undusted 46 per cent. 
The block was redusted on July 27, August 2 and a last dust on August 
5th. A check of the field on August 10th showed the undusted block 
to be 14.7 per cent infested, while the dusted block showed only one per 
cent. A check on August 23rd showed no infestation of the peppers 
on either block. A check of the maggots in the peppers was made on 
September 4th. The undusted block showed 44 per cent infestation 
and the dusted block 20 per cent. It is to be noted here that the per 
cent maggot infestation is very similar to the per cent egg infestation 
when the field was checked after two dust applications. No further 
checks were made on this field as the peppers were picked green. 
TABLE 4. Count oF INJURED PEPPERS ON TALC DusTED BLOCK AT 
Mr. OerRTEL’s FARM 


Total No. Per cent 
Type of Date of Date of Peppers Peppers Peppers 
Injury Checking Dusting Counted Injured Injured 
Eggs in peppers No peppers July 16, a -— 
on plants July 24, 
27, 30, 
Aug. 2 
Eggs in peppers Aug. 5 Aug. 7, 15 21 
Eggs in peppers Aug. 16 40 
Larvae in peppers Sept. 3 85 


Larvae in peppers Sept. 12 322 


Larvae in peppers Sept. 25 28 

Table 4 gives the results of tale on a three row patch of peppers 
that were just blossoming. The peppers on this farm were completely 
destroyed the previous year. A complete coating of the peppers with 
talc was maintained. The dust was applied on July 16th, 24th, 27th, 
30th and August 2nd. A check of the peppers on August 5th showed no 
eggs as having been deposited. Two more applications were made 
on August 7th and 15th. The peppers were again checked on August 
16th with no egg deposition being found. On September 3rd, 85 peppers 
were picked, only two had maggots in them showing 2.4 per cent infesta- 
tion. On September 12th, 322 peppers were picked and only three had 
maggots in them, showing 0.93 per cent infestation. More than half of 
this block was of the cheese or tomato variety of peppers, which is 
the variety preferred by the pepper fly for oviposition. 

Tas_e 5. Count oF Peppers with EGGs on Dustep BLock AND CHECK 

BLock ON Mr. Morri.v’s FARM 


Total Total Per cent 


Date of Checking Date of Dusting Peppers Peppers Peppers 
Counted With Eggs With Eggs 
Check Dust Check Dust Check Dust 
August 1 August 1, 2, and 7 17 22 9 12 53.0 54.5 


August 13 August 15 30 60 9 3 =630.0 5.0 
August 23 12 35 1 0 8.33 0.0 
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Table 5 gives the results of tale dust on a fifth field. All of this 
field was dusted but two rows. The field was checked on August Ist. 
The part to be dusted showed 53 per cent infestation and the check 
rows showed 54.5 per cent infestation. The dust was then applied in 
the morning of August Ist and rain washed most of it off in the after- 
noon. The field was redusted on August 2nd and again on August 7th. 
A check of the infestation was made on August 13th. The check rows 
showed 30 per cent infestation and the dusted part only 5. per cent. 
The field was again dusted on August 15th. Another check was made 
on August 23rd. The check rows showed 8.3 per cent infestation while 
the dusted rows showed no infestation. No further checks were made 
on this field. 

Discussion AND ConcLusions. The results of the field studies, as 
set forth in the preceding pages, seem to indicate clearly that the 
pepper maggot fly is unable to oviposit where a thin film of tale dust 
is present upon the pepper fruit at the time that this fruit is attractive 
for egg laying. Furthermore, these studies seem to indicate that the 
pepper maggot fly does not like to alight upon or crawl upon plants 
covered with talc dust. This is probably due to the coating of the 
pulvilli with this dust and thereby rendering the foothold of the insect 
uncertain. Furthermore, it is entirely possible that the fly is totally 
unable to penetrate the skin of the pepper and lay its egg because it 
is unable to grip the pepper fruit surface with sufficient strength. 
There is no question that it alights and is occasionally found on pepper 
plants that have been dusted with the tale dust. In spite of this fact, 
however, the pepper maggot flies do not seem to have been able, under 
field conditions, to deposit any considerable number of eggs. 

The field work also shows that any failure to maintain a coating 
of dust on the pepper plants when the pepper fruit is in its attractive 
stage and the fly is on the wing results in prompt increased infestation 
in the pepper. It is, therefore, necessary in trying to effect protection 
of the pepper fruit from the pepper maggot fly that the coating of dust 
shall be maintained while the fruit is in its susceptible condition and 
the fly is on the wing. This process involves on the average, it is be- 
lieved, the application of about ten dustings during the season at a 
cost of approximately $6 per acre divided into cost of material $2, and 
cost of application $4. 

The degree of success obtained will be proportional to the degree 
of completeness with which the talc dust is maintained upon the pepper 
plant during the period when the fruit is susceptible and the fly is on 
the wing. 
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PRESENT DISTRIBUTION OF THE JAPANESE BEETLE 
(POPILLIA JAPONICA NEWM.) AND THE ASIATIC 
BEETLES (ASERICA CASTANEA ARROW, 
ANOMALA ORIENTALIS) IN THE 
UNITED STATES 


By C. H. Hapiey, Camden, N. J. 
(Withdrawn for publication elsewhere) 


THE USE OF TRAPS AS A CONTROL FOR THE 
JAPANESE BEETLE 


By O. K. Courtney, U. S. Dept. of Agriculture, Camden, N. J. 
(Withdrawn for publication later) 


A NEMATODE PARASITE OF THE JAPANESE BEETLE 
By R. W. GLaser, Princeton, N. J. 


(Withdrawn for publication later) 


THE ESTABLISHMENT AND COLONIZATION OF TJ/PHIA 
POPILLIA\VORA, A PARASITE OF THE JAPANESE 
BEETLE' 


By J. L. Kinc and J. K. Hottoway, U. S. Dept. of Agriculture, 
Bureau of Entomology* 


ABSTRACT 

Tiphia popilliavora was introduced from Japan and established in the beetle 
infested area in 1921-23. The present mother colony at Riverton, New Jersey, 
was started at that time with approximately 50 females. Definite recovery was 
made in 1926 and at that time the species was found within an area of approximately 
four acres. This season, 1929, the colonies had*increased covering an areaof3.5 
square miles. Within this area, thousands of females and males were seen feeding on 
the flowers of wild carrot. 

In 1927 field collections of females were started, resulting in 11 subcolonies of 100 9 
each. In 1928 a check showed that eight of these had become established. With 
this precedent some 33 colonies were put out in 1928. 

During 1929, Tiphia were very abundant in the mother colony center and it was 
determined to place as many colonies in the field as could be obtained, Seven col- 


1Contribution No. 67. U.S. Department of Agriculture, Japanese Beetle Labora- 
tory, Moorestown, New Jersey. 

*The writers wish to acknowledge with appreciation the work of many contribu- 
tors during the early history of this species. Special acknowledgment is due Mr. 
R. W. Burrell, Mr. J. W. Balock, and Mr. R. T. White, of this Laboratory, who 
assisted materially in the colonization work of 1929, and to Mr. H. C. Hallock for 
the work on Long Island, N. Y. 
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lectors working during a 17 day collecting period were able to collect 10,100 females. 
These were placed in 101 colonies of 100 females each on the margins of the heavily 
infested beetle area. At the present time there are 134 colony centers established 
throughout the infested region. 

A small number of tests releasements have also been made in the areas infested 
with Phyllopertha orientalis on Long Island, New York, and New Haven, Connecticut. 


Tiphia popilliavora Roh. is a wasp-like parasite of the larval stage of 
the Japanese beetle, Popillia japonica. This species was first found at 
Koiwai, Japan, in August, 1920.3 Investigations have revealed the fact 
that though this species is abundant locally in Japan it has a wide dis- 
tribution and occurs also in Korea and China. Systematically the in- 
dividuals from Korea and China are regarded as the same species as 
the Japanese form for they are apparently identical morphologically. 
This identity is further borne out by a general similarity of habits. 
They differ, however, in seasonal appearance, and in the fact that they 
are parasites of species of Popillia other than P. japonica. This seasonal 
difference is sufficiently great to make it best, for practical purposes in 
biological control, to consider the Korean and Chinese strains separate- 
ly. This paper deals only with the Japanese form which has as its host 
Popillia japonica. 

DIFFICULTIES IN IMPORTATION. Considerable difficulty has been 
experienced in the introduction of this Tiphia. In Japan host material, 
on which it was reared, was at times difficult to obtain, and grub collec- 
tions generally suffered a 50 per cent mortality. The number of cocoons 
reared and shipped from Japan was 395 in 1920, 905 in 1921, and 2,050 
in 1922, thus totaling 3,350. These cocoons were obtained from ap- 
proximately 10,000 ovipositions, an efficiency of only 33 per cent. 

At the receiving station further difficulties were encountered, as this 
species under rearing conditions in the insectary is most susceptible to 
fungous diseases. Losses of reared adults often resulted from their low 
vitality, and frequently the males so greatly preceded the females in 
emergence that their numbers were depleted by the time the females 
emerged. 

In August, 1925, an experimental shipment of field-collected adults was 
sent from Japan, and of the 1,030 females shipped only 43 were received 
alive, and many of these were weakened by their long confinement in 
transit. A second shipment of adults was attempted in August, 1926, 


‘For the history and biology of this species see Clausen, C. P., King, J. L., and 
Termishi, Cho. The Parasites of Popillia japonica in Japan and Chosen (Korea) 
and their Introduction into the United States, U. S. D. A. Bull. 1429, pp. 33-39, 
1927. 
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and of this material only 22 survived. These females were used in an 
experiment in artificial propagation, but none of their progeny reached 
the adult stage. 

EARLY COLONIZATION AND ESTABLISHMENT. The first liberation of 
this species consisted of but a few individuals which survived the vicis- 
situdes described. They have since proven to have been sturdy sur- 
vivors and have repaid the effort and expense involved in their intro- 
duction. The first three successful colonies originated from liberations 
made by L. B. Smith, T. H. Frison, and H. A. Jaynes, who were con- 
ducting the domestic work at that time. Liberations were made as 
follows: 

No. 1. The first colonizations were in 1921 and 1922 at Cinnaminson, 
New Jersey. A few adults of both sexes were released ; the exact number 
is not recorded but we do know it did not exceed 50 individuals. In 1926 
a colony was found to have become established ; at that time numerous 
males were observed on the flowers of wild carrot and parasitized Popillia 
grubs were found in the same locality. Scouting indicated that the 
colony covered an area of approximately 4 acres. During August, 
1927, adults of both sexes occurred in surprising numbers and the colony 
had spread to an area of one square mile. 

No. 2. The second attempt at colonization was made near Cinna- 
minson, New Jersey, at a place called Siebke’s pastures. The first 
releasement, in August, 1921, consisted of two mated females that had 
already deposited some eggs in captivity; and the second releasement, 
in August, 1923, consisted of six females. Recovery of two males was 
made at this locality in August, 1927. 

No. 3. The third colonization was at Lippincott’s pond between 
Moorestown and Cinnaminson, New Jersey. There 45 mated females 
were released in 1922 and 9 more the following year. At the time of 
recovery in August, 1927, the colony had spread over an area of approxi- 
mately one-half square mile. 

No. 4. The fourth locality of liberation is known as Lippincott’s 
pasture near Moorestown, New Jersey. The releasement consisted 
of the 43 survivors of the initial shipment of adults received in Septem- 
ber, 1925. To date (1929) no recovery from this liberation has been 
made. 

In 1928 the three established colonies were scouted and sufficient 
recoveries were made on their outer limits to indicate a union. In 1929 
this union was clearly evident, as males and females were found in 
abundance in the intervening areas, thus bringing the three colonies 
together, in an area of approximately 3.5 square miles. (Fig. 30). 
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SUBCOLONIZATION DuRING 1927. As the colony in the Cinnaminson 
area had increased so astonishingly in numbers, it was concluded that 
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Fic. 30.—Map of the three original colonies showing their growth from 1927 to 1929 
inclusive. No. 1—Center of Cinnaminson, liberations of 1921 and 1922. No. 2— 
Center of Siebke’s pasture, liberations made 1921 to 1923. No. 3—Lippincott’s 
pond, liberations 1922 and 1923. 

by collecting and artificially diseminating the females a greater and 
more rapid dispersion could be obtained which would at the same time 
reduce competition within the colony center and facilitate the maximum 
increase of the parasite. It was believed that units of 100 females for 
each subcolony should give positive results when the success of the orig- 
inal releasements was considered. It has been observed in the field 
that female Tiphia wasps mate with the males almost immediately 
after their initial emergence from the soil in which their cocoons are 
located; thus practically all females collected from carrot and used in 
artificial dispersion have mated 
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Collections were made in the field during August, 1927, and 1,125 
females were taken, 900 of these being released in lots of 100 each, in 
nine localities in Pennsylvania and New Jersey. One lot of 125 was 
shipped to Westbury, Long Island, for releasement in an area infested 
with Phyllopertha orientalis Waterh.,’ and the remaining 100 were held 
in the insectary for oviposition on beetle grubs. From this lot 2,957 
eggs were obtained. These, on their host grubs, were placed in the field, 
thus forming the nucleus of another colony, bringing the total number 
of colonies to eleven for 1927. 

RECOVERY CHEC« ON 1927 CoLonies. During August, 1928, the 
eleven releasements of 1927 were scouted for adults, resulting in eight 
recoveries including the locality where parasitized grubs had been 
placed in the field. Three localities, namely, Indian Mills and Berlin, 
New Jersey, which were questionable at the start, and Westbury, Long 
Island, New York, gave no recoveries. These failures may have been 
due to the fact that the localities in New Jersey were only sparsely in- 
fested with Popillia at the time the releasements were made, and the 
releasement at Westbury may have failed because of the change of host. 
On the other hand, recovery from any of these localities in the future is 
quite possible. 

TABLE OF 1927 COLONIES AND RECOVERIES 


Placed in Locality -Number 9? Recovery Condition 
Field Tiphia in 1928 of Habitat 
Aug. 19 Ellisburg, N. J. 100 Aug. recovery Satisfactory 
Aug. 20 Vincentown, N. J. 100 Aug. recovery Satisfactory 
Aug. 22 Parkville, N. J. 100 Aug. recovery Satisfactory 
Aug. 2: Berlin, N. J. 100 No recovery Doubtful 
Aug. 24 Columbus, N. J. 100 Aug. recovery Satisfactory 
Aug. 27-31 Indian Mills, N. J. _ No recovery Satisfactory 
2,95 
Aug. & Sept. Birmingham, N. J. —— Aug. recovery Satisfactory 
grubs 
Aug. 19 Collegeville, Pa. 100 Aug. recovery Satisfactory 
Aug. 25 Emilie, Pa. 100 Aug. recovery Satisfactory 
Aug. 30 Bustleton, Pa. 100 Aug. recovery Satisfactory 
Aug. 22-26 Westbury, L. I., N. Y. 125 No recovery Doubtful 


The results of these recoveries clearly indicated that where units of 
100 field-collected female Tiphia were liberated under favorable con- 
ditions establishment was almost certain. It was found that a satis- 
factory colonization point may be one in which Popillia breeding ground 


‘During the summer of 1926 a series of tests were made to determine whether 
T. popilliavora would accept Phyllopertha orientalis as a host. The results obtained in 
the insectary were highly favorable, and in 1927 the above shipment was made to 
the vicinity of Westbury as a practical test; here 110 females were liberated and 266 
parasitized Anomala grubs were “‘planted’’ out. No recoveries have so far been 
made from this releasement. 
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is plentiful and moderately drained and in which host larvae occur 
at the rate of at least 1 per square foot. Also, wild carrot (Daucus 
carota), the favorite food plant of 7. popilliavora, must be present in 
fair abundance. 

SUBCOLONIZATION DuRING 1928. During August, 1928, a second 
collection of Tiphia was made at Cinnaminson and 4,330 females were 
procured for further subcolonization. This material was released in lots 
of 100 or more females in thirty localities within the heavily Popillia- 
infested areas of Pennsylvania and New Jersey (Fig. 31). On Long 
Island, New York, a releasement of 200 adults was made at Flushing, 
which is in an outlying infestation of Popillia. 

In the areas infested with Phyllopertha orientalis two liberations were 
made, one at Jericho, Long Island, of 200 adults and 118 parasitized 
Anomala larvae, and another at New Haven, Connecticut, of 200 
females. 

SUBCOLONIZATION DurRiING 1929. In the Cinnaminson area in 1929 
the first emergence of 7. popilliavora was noted August 5, at which 
time males were abundant. Only three females were seen on the first 
day of emergence. An attempt to-collect the wasps in numbers was 
made on August 9, at which time six collectors were able to obtain only 
100 females. After a delay of three days a second attempt was made, 
resulting in 200 females, and from this time on collecting was contin- 
uous, except Sundays, until August 28. 

As it was desired to place as many colonies in the field as possible, 
five extra men were employed. The work was divided into two groups, 
collecting and colonization. 

Collecting: During the first nine days of the month the extra men pre- 
pared equipment such as collecting tubes with plaster of Paris bottoms, 
and receiving tins for transportation to new fields. A temporary field 
cage, in which to transfer material from tubes to containers, was con- 
structed in the center of the collecting area. As soon as the Tiphia 
began to appear the collectors were taught to recognize them. This ac- 
complished, a hasty survey was started to determine the extent of the 
area. The collectors were required to bring in all Tiphia species, males 
and females, for further verification, and from data so obtained the 
extent of the colony was estimated. 

Within the area determined for 1929, (Fig. 30) there was a very notice- 
able increase in numbers over the previous year, and it was found that 
profitable collecting could be conducted almost anywhere within the 
area. 

The number of men collecting varied from day to day, but the average 
was seven, over a period of 17 days. During this time the daily aver- 
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Fic. 31.—Map showing location of colony center and distribution of subcolonies of 
1927 to 1929 inclusive. Broken line encloses area of heavy infestation of Popillia. 
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age collection was 594, an average of 84.9 per man. The total collection 
amounted to 10,100 females. 

Subcolony Distribution: Mr. R. W. Burrell, Junior Entomologist in the 
division, with the assistance of two men took charge of the placing of 
colonies. The area for colonization was divided into four districts, 
three in Pennsylvania and one in New Jersey. Each day’s collection of 
Tiphia was distributed the following day in one of these sectors. Ex- 
treme care was used in selecting the exact point of liberation,especially 
to see that beetle larvae were present over extensive grasslands and 
that wild carrot was in close proximity to these areas. The 10,100 
Tiphia were thus distributed in 100 local colonies of 100 each with only 
one outlying colony of 100, which was placed in Harrisburg, Pa.,(Fig.31). 

The exact location of each colony was carefully noted on topographic 
maps marked with the location and necessary data. 

The following list gives the subcolonies placed in counties and town- 
ships of New Jersey and Pennsylvania in 1928 and 1929. 

Recovery 1929: No recovery campaign was planned for 1929 because 
it was deemed that rapid subcolonization was more important, this 
being justified because of the abundance of material present and the 
success of the 1927 subcolonies. However, while releasements were being 
conducted three of the 1928 colonies were scouted and recoveries were 
made. It is planned to conduct during August, 1930, a complete check 
for all points of liberation of this species. 


NEW JERSEY 


County Townships 1928 Colonies 1929 Colonies 
Burlington Beverly 4 
Burlington Bordentown 3 
Burlington Burlington 1 
Burlington Chester 2 
Burlington Delran 1 
Burlington Easthampton 1 
Burlington Florence 1 2 
Burlington Lumberton 1 
Burlington Mansfield 5 
Burlington Medford 1 
Burlington Northampton 1 
Burlington Springfield 2 
Burlington Westhampton 2 4 
Burlington Willingboro 5 
Camden Pensauken 2 
Camden Delaware 1 
Gloucester Deptford 2 
Gloucester Mantua 4 
Gloucester Monroe 2 
Gloucester Washington 1 
Gloucester Glassboro 1 
Gloucester Harrison 4 
Mercer Trenton 1 
Mercer Ewing 1 
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PENNSYLVANIA 
County Townships 1928 Colonies 1929 


Bucks Bensalem ; 
Bucks Bristol 
Bucks Middletown 
Bucks Newtown 
Bucks Northampton 
Bucks Southampton 
Delaware Haverford 
Delaware Radnor 
Delaware Ridley 
Delaware Springfield 
Delaware Upper Darby 
Montgomery Abington 
Montgomery Cheltenham 
Montgomery Lower Merion 
Montgomery Moreland 
Montgomery Springfield 
Montgomery Upper Merion 
Montgomery Upper Dublin 
Philadelphia Philadelphia 
Total subcolonies in heavily infested area 
Outlying subcolonies 
Pennsylvania Harrisburg 
New York Long Island 
Connecticut New Haven 
Total of all subcolonies 1928 and 1929 
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Conctusions. 7. popilliavora is a specific parasite of Popillia japon- 


ica in its native land, and in this country this specific tendency is pre- 
served.* Comparisons show that the time of emergence and the period 
of adult activity and larval development are the same here as in Japan. 
This indicates that the soil temperatures throughout the year are favor- 
able for its normal development. This Tiphia frequents the flowers of 
wild carrot (Daucus carota) almost to the exclusion of other plants. 
In the present area infested with Popillia, wild carrot is very abundant 
and widely distributed. It is believed, because this Tiphia is specific in 
its habits and is so perfectly adjusted to its new environment with the 
selection of an abundant food plant, that it will prove to be one of the 
most important parasites acting in the biological control of the Japanese 
beetle. 

‘The acceptance of Phyllopertha orientalis by this Tiphia has only been under 
artificial conditions. It finally established within an area inhabited by both imported 
beetles preference would doubtless be shown for the true host. 
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AN ELECTRICAL TRAP FOR KILLING JAPANESE BEETLES! 


By FLoyp E. Menruor, Agent and E. R. VAN LEEUWEN, Associate Entomologist, 
Bureau of Entomology United States Department of Agriculture 


ABSTRACT 


This paper reviews the results of a two year effort to construct and develop an 
electrical trap for use against the Japanese Beetle and the results of field experiments. 


During the past few years traps have come into general use for captur- 
ing large numbers of Japanese beetles? (Popillia Japonica Newm.). Ina 
paper by Richmond and Metzger’ it was pointed out that a large number 
of beetles that are attracted to the traps are not captured, and that 
others, which have apparently become greatly excited by the aroma of 
the geraniol-eugenol bait, strike the funnel of the trap, lose their equi- 
librium, and are precipitated in more or less by accident. Because of 
these facts, investigations were conducted by the writers for the purpose 
of improving the present type of trap and of devising a trap into which 
the beetles would fly directly. The use of electricity for this purpose 
was suggested by Mr. L. B. Smith, in charge of the Japanese Beetle 
Laboratory, and the results are reported in this paper. 

PRELIMINARY EXPERIMENTS. During the summer of 1927 experi- 
ments were conducted in which Japanese beetles were killed with alter- 
nating electric currents of different frequencies and voltages. The 
most satisfactory results were obtained with a frequency of 60 cycles 
and from 10,000 to 12,000 volts. A simple trap was then constructed 
On a wooden frame bare copper wires were stretched parallel to one 
another at equal intervals. Alternate wires were connected together 
so that there was a difference in potential of 10,000 to 12,000 volts 
between any two adjacent wires. The interval between the wires 
was sufficient to prevent sparking, except when a beetle would fly be- 
tween two wires, in which case the resistance was decreased to such a 
point that a spark would jump from one wire to the other through the 
beetle. The presence of the wires appeared to have no influence upon 
the flight of the beetles. 

Tue Evectric Trap. During the summer of 1928 an electric trap 
(Plate 9 and figs. 32, 33) was tested in a peach orchard and in an open 


‘Contribution No. 63 of the Japanese Beetle Laboratory, Moorestown, New Jersey. 

*Metzger, F. W. Information concerning Japanese beetle traps. New Jersey 
Dept. Agr. Circular 146, p. 8, illus. 1928. 

‘Richmond, E. A., and F. W. Metzger. A trap for the Japanese Beetle. Jour. 
Econ. Ent. 22:299-317, illustr. 1929. 
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field near the Japanese Beetle Laboratory. This trap was constructed 
in the form of a hollow cube, with the parallel conductor wires, spaced 5/8 


Fic. 32.—Detail showing space in- 
sulation and method of maintain- 
ing tension and proper intervals 
of conductor wires. This con- 
struction prevented the accumu- 
lation of dead beetles around the 
conductor wires, and eliminated 
short circuits due to this cause. 


inch apart on all four sides and on top. 
A geraniol bait was suspended in the 
center. The dimensions of the trap, 3 
feet on each edge, were decided upon 
because it had been noted that beetles 
attracted by geraniol fly around with 
greatest activity within a radius of 
about two feet from the attrahent, 
and in a trap of this size the beetles 
would be very likely to fly between the 
parallel wires. A unit type of con- 
struction makes it possible to build the 
trap in any desired size. 

The wooden frame that was used in 
this trap was satisfactory as an insu- 
lator only when it wasdry. During the 
course of the tests it became damp after 
prolonged rains, in spite of the fact 
that it was coated with paraffin, and 
several of the joints had to be modified 
when they failed electrically. This 
defect could be remedied by using a 
metal frame and porcelain or other 
suitable insulators. 

The electrical trap is as safe to 
operate as any of our electrical house 
hold appliances. During the period 
it was tested no birds were killed. 

Frie_p TEsTs oF THE ELEcTRic TRAP. 
The trap was tested first on supports 
4% feet high in a peach orchard, 
from July 17 to 25. On July 26 


it was raised to 9 feet, where it was left until August 1. From 
August 1 to 13 the trap was tested at an elevation of 9 feet in an open 
field 100 yards from the peach orchard, and a count that was made under 
favorable conditions showed 422 beetles caught in five minutes. As 


‘Mr. F. W. Metzger estimates that, under most favorable conditions, beetles 
were killed at the rate of 150 per minute. 


of 


Durysepour 


Plate 9 


The electric trap. The trap is resting on supports 4% feet high. Near view of electric trap, showing construction, 
A 250-watt step-up transformer, a resistance coil, and a con- 
denser are in the large box under the trap. A few dead beetles 
may be seen below the trap. The danger sign was placed on 
the trap to prevent outsiders from molesting it. 
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Electrocuted Japanese beetles: ventral aspect. 


japanese beetles; dorsal aspect. 
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beetles were not very active or abundant at Moorestown during these 
tests, the number of individuals killed was lower than it would be where 
conditions were more favorable for the beetles. 


12,500 VOLT 
100-250 W. TRANSFORMER 


T 
0.004 MFD. 
V, 60 CrcLe ConDENSER Trap 
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Fic. 33.—Diagram showing wiring of the electric trap. 


TABLE 1. NUMBER OF BEETLES KILLED BY THE ELECTRIC TRAP 


Date Height of Trap Hoursin Number of Beetles Killed 
Above Ground .Operation Beetles Killed per Hour 
4% feet 26.25 15,518 592 
July 26 to August 1..... 9 feet 27.5 25,726 935 = 
August 1 to 13......... 9 feet 31.00 26,564 857 


Some of the beetles showed signs of life when they fell from the trap 
after receiving a discharge. Several lots were therefore collected and 
placed in cages provided with food, where they were observed for 48 


hours. The results are shown in Table 2. 


TABLE 2. PERCENTAGE OF MORTALITY IN BEETLES COLLECTED AROUND THE 
ELEctTrIic TRAP 


Date Number of Beetles Number of Beetles Percentage of Beetles 
Collected Alive After 48 Hours Alive After 48 Hours 
August 3....... 9,105 78 0.86 
August 6 3,542 97 2.73 
August 14...... 5,417 103 1.90 


It should be remarked that the beetles were collected from a sheet of 
canvas spread on the ground beneath the trap, and that some beetles, 
which were feeding on nearby weeds, attracted by the dead beetles, flew 
to the canvas, and were collected along with the others. This would 
account for most, if not all, of the survivals at the end of the 48 hour 
period, especially in view of the fact that there were no survivors among 
150 beetles which were caught as they fell from the trap, and observed 
at the end of 24 hours. Mr. E. A. Richmond, who examined beetles 
that had been electrocuted, reported that ‘‘of 32 beetles, 4 alive when 
collected, only 13 showed signs of external injury; the remaining 19 
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showed no external injury. Twenty-five of these beetles showed either 
damaged wings or abnormal wing position.’’ The abnormal wing position 
referred to is very characteristic of the effects of the electrical discharge 
on beetles. In a large number of cases the wing covers were severed 
from the body. Some of these effects are shown in Plate 10. 

The most effective bait for use in the electric trap was geraniol emul- 
sion sprayed on peach branches which were suspended in the center 
of the trap. By this method, beetles were at times attracted from a 
distance of one-quarter of a mile. The best height for the trap was 
found to be about 9 feet. 

The voltage should be high enough to kill the beetles, and should be 
only slightly below the point at which the field will break down, as this 
makes the trap very sensitive. There should be sufficient impedance to 
prevent more than one discharge through the beetle as it flies between 
the wires. 

The trap consumed between 0.13 and 0.18 K. W. per hour, depending 
upon the number of beetles that were killed. This is about equivalent 
to the power consumption of two 75-watt incandescent bulbs, and 
would cost approximately 1.5 cents per hour. 

Conc.usions. The range of effectiveness of the electric trap is 
greater than that of traps of other types because a greater surface 
of the attrahent that is used as bait can be exposed without any con- 
finement. 

Practically all of the beetles that are attracted to the trap are killed. 

The electric trap, because of its great range of effectiveness and its 
high killing efficiency, provides the best means for comparing the value 
of different attrahents. 

This trap with slight modification in construction should be of es- 
pecial value for use on large estates, golf courses, and parks, where its 
bulk, its greater initial cost, and the extra labor required to set it up 
would not be serious disadvantages. 


THE VALUE OF SMUDGES AS REPELLENTS FOR THE 
JAPANESE BEETLE' 


By F. W. Metzcer, Assistant Entomologist, and D. H. Grant,? Agent, 
Bureau of Entomology, United States Department of Agriculture 


ABSTRACT 
A description is given of the preparation of one type of smudge base and its 
impregnation with various volatile substances. The field tests with these smudge 
candles are discussed and conclusions drawn as to their practical value as repellents. 


4Contribution No. 64 of the Japanese Beetle Laboratory, Moorestown, New Jersey. 
*Resigned October 1, 1929. 
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The use of smudges against the Japanese beetle was undertaken 
as part of the investigations on repellents conducted at the Japanese 
Beetle Laboratory. Although it was realized that smudges, even if 
effective as repellents under some conditions, could not be employed 
under all conditions, it did appear that it might be possible to use them 
to advantage in the control of the beetle on early peaches. A few 
preliminary tests were conducted during the summer of 1928, but the 
greater portion of the work was done in July, 1929. 

Tests ConpucTED IN 1928. In the first tests, cotton waste was 
soaked with fuel oil and burned in various types of containers such as 
12 and 16 quart pails and shallow stew pans. It burned too rapidly 
in all of these tests, so perforated lids were placed on the containers 
to retard combustion. It was found that when the supply of air was 
reduced to a certain point the waste would smolder and give off a 
dense smoke for a few minutes, but would shortly become extinguished. 
When the draft was increased so that the waste flamed there was very 
little smoke, and no appreciable repellent effect on the beetle was 
noted. The addition of pine-tar oil to the saturated waste increased 
the flame, but the repellence was only slightly greater than that of the 
burning waste alone. 

The tests conducted in 1928 showed that it was necessary to develop 
a base which would burn slowly without attention, and, at the same 
time, give off considerable smoke. 

SmuDGE CANDLES DEVELOPED IN 1929. The junior author, after 
considerable investigation, discovered that wood flour and potassium 
nitrate, when mixed together in the proper proportions, formed a 
smudge base which possessed all the qualifications mentioned above. 
This combination burned slowly and evenly, and gave off a consider- 
able volume of light-colored smoke. It had the further advantages of 
being comparatively cheap and easy to prepare. It was made as follows: 
One kilogram of potassium nitrate was dissolved in 3,000 cc. of warm 
water. To this solution was added 40 cc. of a one per cent aqueous 
solution of methylene blue to serve as an indicator of the thoroughness 
of the subsequent mixing. -This solution, measuring 3,250 cc., was 
mixed with 3,250 grams of wood flour, the mixing being continued until 
the material showed a uniform greenish-blue color. The damp mass 
was then spread out in shallow pans until it was air-dry. To each 
kilogram of. the dry mixture was then added 1,220 grams of wood flour 
alone, making the proportion of potassium nitrate in the finished base 
about 10.7 per cent by weight. Mixing at this stage was performed in 
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a mechanical mixer as was the subsequent combination of the smudge 
base and the materials being tested. 

It was found that 1 kilogram of the smudge base, thus prepared, 
could be mixed with 1 liter of liquid or 1 kilogram of solid repellent 
compound without unduly retarding its burning rate, and these pro- 
portions were used in all cases. The final mixture was placed in cylinders 
made of 16-mesh wire screening, 31 inches long and 2% inches in diam- 
eter. These candles burned from five to eight hours, depending on 
the material that was incorporated in the base. Plate 11 shows a candle 
in operation. 

Fietp Tests. The smudges were used on peach trees of the Early 
Rose variety, and tests of each material were conducted on lightly and 
heavily infested trees. The fruit was almost ripe when the tests were 
begun. One candle to a tree was used at first, but proved to be in- 
effective, and the number was increased to two, and later to three. 
The candles were located so that all parts of the tree would receive 
some of the vapor. They were ignited at 10 A.M., and allowed to 
burn until 4:30 P.M. The wind was very light during the entire period 
that the candles were in use, but even a light current of air was sufficient 
to divert the fumes so that they were carried away from the tree instead 
of floating slowly up through it. 

Rssutts. Pine-tar oil, commercial, Dippel’s oil, (bone oil), com- 
mercial, and a commercial mixture of chloronaphthalenes were the 
most satisfactory of the six substances tested for repellence by this 
method. The candles which contained these materials burned at an 
even rate, and gave off thick clouds of smoke which were heavily 
charged with repellent vapors. The fumes from neutral hydrocarbon 
oil (from coal tar) cresylic acid, 95 per cent dark, and naphthalene were 
much less repellent than those from the three substances mentioned 
above. Several candles of the smudge base alone proved to be only 
slightly repellent. 

Repeated observations showed that contact for one or two seconde 
with the repellent vapor disturbed beetles, but that it did not caus- 
them to leave fruit or foliage. When the insects were constantly subs 
jected to the fumes for a period of from five to ten seconds, however, 
they would actually fly away. Most of them would rise a few feet 
in the air, but instead of leaving the vicinity they would merely alight 
on the same tree at points not reached by the fumes at that particular 
moment. 

The repellence of pine-tar oil, Dippel’s oil, and a commercial mixture 
of chloronaphthalenes was so marked that it appeared that a heavily 
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infested peach tree might be cleared of beetles in a few hours, provided 
that all parts of the tree could be enveloped with the fumes at the same 
time. It was impossible, however, to obtain such a condition, even 
when three candles were placed in different parts of the same tree. A 
larger number of candles per tree was not employed as such a course 
was not considered practicable. 

Although three of the six materials that were tested in smudges 
proved to be strongly repellent to the beetle, their use does not appear 
to give satisfactory control of the beetle on early peaches. 


SumMMARY. Wood flour and potassium nitrate, when mixed together 
in the proper proportions, form a satisfactory base for smudges. 

The fumes from pine-tar oil, Dippel’s oil, and a commercial mixture of 
chloronaphthalenes, when given off from burning smudge candles, are 
definitely repellent to the Japanese beetle. 

Air currents in the field prevented the materials tested in smudges 
from giving satisfactory control of beetles on early peach trees. 


SOME OBSERVATIONS UPON THE BIOLOGY AND CONTROL OF 
ASERICA CASTANEA ARROW' 


By C. HALLock, Associate Entomologist, Division of Deciduous- Fruit Insects, 
United States Bureau of Entomology 


ABSTRACT 


This paper deals with the life history of Aserica castanea and methods of control. 
The lawn turf should be treated with acid lead arsenate in order to secure grub proof 
turf. A spray of lead arsenate on the food plants of the adult beetle is proving effec- 
tive. The introduction of parasites to aid in the control of the beetle has been started. 

The information given in this paper is based upon work done by the 
United States Department of Agriculture during the seasons of 1927, 
1928, and 1929. 

Adults of Aserica castanea, the oriental garden beetle, were first 
collected in New Jersey in 1921. Injury to foliage in flower gardens was 
reported in Mount Vernon, New York, in 1926. The insect was then 
determined as Aserica castanea Arrow. In 1927 research work was 
started at Westbury, Long Island, by the United States Department of 
Agriculture, and in northern New Jersey by the New Jersey Department 
of Agriculture. Two years later, in the spring of 1929, Aserica castanea 
was included in the Japanese and Asiatic Beetle Quarantine. 


1Contribution No. 66 Japanese Beetle Laboratory, Moorestown, New Jersey. 
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The known distribution in America of the oriental garden beetle 
includes parts of the following states: Connecticut, Delaware,? New 
York, New Jersey, Maryland, Pennsylvania, and the District of Colum- 
bia. The beetle has occurred in sufficient numbers to cause economic 
damage in Nassau, Queens, and Westchester Counties in New York 
State, in northeastern New Jersey, in and around the cities of Phila- 
delphia and Harrisburg, Pennsylvania, and in Washington, D. C. 

Lire History. The adult beetles generally appear in the field about 
the first of July. The first adult in 1929 was found on June 25. Living 
adults have been found in the field concealed at the base of their food 
plant as late in the fall as October 16 and were very active when dug out 
of the ground. They are most abundant during a period of one month 
from July 15 to August 15 (Fig. 34.). They fly and feed only at night, 
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FiG. 34.—A serica castanea: Approximate seasonal occurrance of the stages in 
the field. 


and generally conceal themselves in the moist ground at the base of their 
food plants or in grass land during the day. On cool nights, when the 
temperature is below 70°F., some of the beetles come out of the ground 
and feed a little on grass and other low-growing herbage, but they are 
not active. On warm nights, however, they fly like swarms of bees. 


*The records in Delaware and Maryland were secured from Mr. C. H. Hadley 
and the exact locality will be given, Hadley C. H., Present distribution of the 
Japanese beetle (Popilla japonica Newm.) and the Asiatic beetles (A Serica castanea, 
Anomala orientalis) in the United States. Jr. Econ. Ent., 1930. 
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They are attracted to lights, and gather on electric light poles. This 
fact is made use of in scouting. During the summer of 1928, in one 
electric light trap 188,250 heetles were caught, and 21,000 were taken in 
one night in the same trap. This electric light trap was used at the same 
location in the summer of 1929 but only 107,690 beetles were caught. 
In 1929 there were about four periods in the summer when the beetles 
flew abundantly and these were nights when it remained warm up to 
midnight (Fig. 35). 

The adults mate readily during the period of activity at night, and 
mating and egg laying are continued at irregular intervals until fall. 
Eggs are laid by preference in uncultivated places such as lawns or 
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Fic. 35.—A Serica castanea: Graph showing relation between temperature and 
number of beetles caught by one electric light trap in 1929. 


grass fields and in moist but not swampy ground. Although 178 eggs 
have been laid by one beetle in a cage, the average number per beetle 
is about 60. They are laid in clusters varying from one to nineteen eggs 
each, loosely held together with a gelatinous substance, and are found 
in the ground at depths of from '% inch to 4 inches, although most of 
them are near the surface. 

The young grubs, which hatch about 10 days after the eggs are laid, 
feed actively on grass roots and decaying vegetable material in the 
upper 1 to 4 inches of soil. Three-fourths (Fig. 34) of the grubs molt twice 
during the first season, so only about one-fourth are still in the second 
instar when they begin to migrate to winter quarters about October 15. 
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They winter from 9 to 15 inches deep, but it is possible for them to 
survive closer to the surface even when the ground is frozen hard. 
They return to the top four inches of soil about the middle of April, 
and feed extensively on grass roots until about the middle of June. 
When the third-instar grubs complete their growth, each grub prepares 
an earthen cell 1% to 4 inches below the surface in which it transforms 
to a pupa, and, about 10 days later, to an adult beetle. Before pupation 
the grub passes about five days in a dormant prepupal state. The 
pupa, unlike that of the Japanese beetle or Asiatic beetle, pushes the 
cast larval skin back beyond the tip of the abdomen, and lies naked in 
its earthen cell. 

Foop-Hasits oF Aputt BretLe. Observations have been made 
at night with a flash-light which show that this insect feeds upon 
more than 50 different species of plants. Although Aster, Chrysanthe- 
mum, Dahlia, and Phlox are their favored food plants, they will feed 
upon plants which vary considerably in type. They have even been 
observed feeding upon evergreen seedlings. The following partial 
list of food plants gives only those plants which have been found con- 
spicuously defoliated. The species most vigorously attacked are 
marked with an asterisk. 


PARTIAL List oF Foop PLANTS OF ADULT Aserica castanea 


Aster spp.* 
Bean, sp. 
Blueberry, Vaccinium spp. 
Burdock, Arctium spp. 
Butterfly Bush, Buddleia variabilis* 
Carrot, Daucus carota 
Cherry, Prunus spp.* 
Chrysanthemum spp.* 
Currant, Ribes spp.* 
Dahlia spp.* 
Devil's Walkingstick, Aralia spinosa* 
Gatllardia grandiflora* 
Geranium, Pelargonium domesticum 
Indian bean, Catalpa spp. 
apanese barberry, Berberis thunbergi 
ust, Robinia pseudoacacia 
Peach, Amygdalus persica 


Phlox spp.* 

Plantain, Plantago spp. 

Plum, Prunus spp. 

Radish, Raphanus sativus 

Rhubarb, Rheum rhaponticum* 

Rose, Rosa spp.* 

Smartweed, Polygonum pennsylvanicum 

Strawberry, Fragaria spp. 

Strawflower, Helichrysum bracteatum* 

Sunflower, Helianthus annuus* 

Sweet mock orange, Philadelphus 
coronartus* 

Tree-of-heaven, Atlanthus glandulosa* 

Willow, Salix spp. 

Viburnum sp. 

Zinnia sp. 


Grus Controu.’ The application of lead arsenate to lawns in New 
York State has shown that the same treatment that is used for Japanese 
beetle will give protection to the lawn. As the Aserica grubs tend to 
feed deeper in the ground than those of Anomala or Popillia, it appears 


*Leach, B. R. Further experiments in the control of Japanese beetle grubs. Bul. 
U. S. Golf Assoc., Green Section, 8:28-33, illustr. 1928. 
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from the observations that have been made that it may be somewhat 
harder to secure a grub-proof turf when dealing with A serica. 

Treatment of New Lawns with Lead Aresnate. When the soil is being 
prepared previous to sowing the grass seed, three and one-third pounds 
of acid lead arsenate should be uniformly broadcast on the surface 
of each 100 square feet of ground to be treated. In order to aid in 
obtaining a uniform distribution of the poison it may be mixed with 
two or three times its bulk of moist but not wet soil. Following the 
application, the ground should be thoroughly disked or cultivated in 
order to work the lead arsenate in to a depth of between three and four 
inches. The lawn may then be seeded and treated in the usual manner. 
This treatment will be effective for a period of four or five years. 

Treatment of Old Lawns with Lead Arsenate. In cases where the 
turf has not been killed by the larvae, the arsenical may be applied 
as a top dressing at the rate of one-half pound to each 100 square feet 
of lawn. Measure the area to be treated and determine the quantity 
of lead arsenate required. The arsenical should be thoroughly mixed 
with 15 times its weight of good top soil. This mixture should be ap- 
plied broadcast at the rate of 7% pounds to each 100 square feet of 
surface. Repeat once each year for three years. 

Mowing, watering, and other customary operations may be con- 
tinued as usual. The treatments may be applied any time between 
April 1 and October 30, providing the ground is not frozen. 

SpRAY FOR ApuLts. Plants which are severely attacked by adults 
should be sprayed with three pounds of lead arsenate and two pounds 
of wheat flour to 50 gallons of water. 

During July and August 1929, spray experiments with the adult 
beetle were conducted under field conditions. Chrysanthemums and 
zinnias were sprayed with three pounds of lead arsenate and two pounds 
of wheat flour to 50 gallons of water. Daily counts of the living and 
dead beetles concealed in the ground at the base of these plants were 
made. The percentage dead increased from 0 per cent at 24 hours 
to 54 per cent at the end of 120 hours, and even 33 per cent of those 
collected at the end of 216 hours were dead. The living beetles, in 
each collection, were placed in a cage with food. An equal number of 
beetles from an unsprayed locality were placed in a check cage. These 
cages were kept at the insectary for 168 hours and counts of the dead 
beetles made every day. A summary of the results are given in the 
following table. 
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TABLE 1. Deata RATE AMONG Aserica castanea BEETLES COLLECTED AT 
BASE OF SPRAYED PLANTS 
Percentage Which Died During 


No. Hours No. Beetles No. Beetles 168 Hours After Collection 
Collected After From Sprayed in Check Cage From Sprayed From Unsprayed 
Spraying Plants Plants Plants (Check) 
Per cent Per cent 
24 569 569 55 21 
48 474 474 64 22 
72 158 158 64 17 
120 223 223 97 10 
168 153 153 92 18 
192 259 259 52 17 
216 277 277 69 19 


NATURAL ConTROL. It is felt that, in the long run, control of the 
oriental garden beetle by parasitic insects will be most satisfactory. 
An oriental species of 7iphia which is normally parasitic on Serica, 
has been found to attack Aserica castanea readily under laboratory 
conditions. At the present time 6,000 cocoons of this species are being 
held at the Moorestown laboratory under controlled temperature and 
humidity conditions. These will be reared, and the adults shipped to 
Westbury, Long Island for liberation at a point of heavy infestation. 


Scientific Notes 


A phelinus mali in Brazil. In a recent letter received from Dr. A. da Costa Lima, 
of the Oswaldo Cruz Institute at Rio de Janeiro, occur the two paragraphs that 
follow: 

“T have also received your paper on A phelinus. When I worked in the Instituto 
Biologico, we, of the ‘Servico de Vigilancia Sanitaria Vegetal’, through the kindness 
of our colleague Sundberg, succeeded in establishing permanently and successfully 
that parasite in Brazil. 

“The initial work of acclimation was done by our Inspector in Rio Grande do Sul— 
Dr. Eugenio Bruck, who further sent several colonies to Minas Geraes State and to 
the Instituto Agronomico of Campinas (Sado Paulo).”’ 

L. O. Howarp. 


A Note on the Food Habits of Chyliza erudita Mel. (Diptera). On September 1S, 
1925, the writer collected what appeared to be dipterous puparia about wounds on 
white pine (Pinus strobus) in the forest near Lake Francis, which is located just west 
of the Adirondack Mountains, near Number Four, New York. Two adult specimens 
were reared and these were identified by Dr. O. A. Johannsen as Chyliza erudita Mel. 
The puparia from which these specimens were reared were found in the pitch which 
exuded from the edge of wounds on the lower part of the trunk of white pine. This 
seems to indicate that Chyliza erudita feeds upon pitch in the larval stage. 

LAWRENCE PAUL WEHRLE 


A New Pupal Parasite of the Sugar Cane Moth Borer, Diairaea saccharalis Fabr. 
While making a survey of the sugar cane moth borer in Southeast Texas, in 1928, 
several pupal cases of the borer were taken from early maturing corn near Liberty, 
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Liberty County, Texas, and placed in jars. Moths emerged from most of the pupal 
cases, however, one pupa was parasitized and several hundred parasites emerged 
on June 29, 1928. These were sent to the U. S. N. Museum and were identified by 
Mr. A. B. Gahan as Syntomosphyrum esurus Riley. He stated that the only previous 
record of a pupal parasite of Diatraea saccharalis known to him is that of Heptasmicra 
curvilineata Cameron by Cleare in the Jour. Bd. Agric. of Brit. Guiana, Vol. 15, 
1922, page-182. 
J. N. Roney, Division of Entomology, 
Texas Agricultural Experiment Station 


A Parasite of the Sunflower Weevil. During some preliminary studies on the 
life history of the Sunflower Weevil, Desmoris fuluus Lec, a Chalcid parasite was 
reared from larval material. Sunflower seeds infested with the weevil were obtained 
from fields in Moultrie county, Ill., Nov. 24, 1928, and kept in common storage 
until about April 8, 1929. These were then brought into the laboratory. While 
examining the seeds April 13, 1929, during which examination each seed was 
broken open, an adult of the parasite was taken from one of the seeds showing 
weevil infestation and remnants of the weevil larva. The parasite is Callimome 
albitarse Huber. Identification was made by Dr. Gahan at Washington, D. C. 

The statement was made by T. D. A. Cockerel, Can. Ent. 47, 281, 1915 that adults 
of Callimome sp. were present at the heads of sunflowers in Boulder, Colo., but I 
believe that this is the first definite observation of the parasitism. 

J. H. BicGer, Jilinois Natural History Survey 


Nitidulid Beetle Reared from Orange. The small nitidulid beetle, Epuraea luteola 
(Er.) [Haptoncus luteolus (Er.)|, was recently reared by the writer from an orange 
taken in the markets of San Francisco, California and presented by Mr. W. Vincent, 
Food and Drug and Insecticide Administration, on September 2, 1929. The larvae 
at that time occurred in a decayed spot about an inch in diameter, which looked 
very much like an area inhabited by maggots of the fruit fly, on the otherwise sound 
orange. In fact the collector was very much afraid that he had an important find. 
An examination of the larvae soon dispelled all apprehensions as they were easily 
determined as the immature forms of a nitidulid beetle. The fruit was placed in a 
jar and adults subsequently reared, which were determined by E. C. Van Dyke as 
Epuraea luteola (Er.). This beetle is about 1.5 mm. long, rather wide, uniformly 
pale yellowish-brown, and with the posterior tip of the abdomen projecting slightly 
beyond the elytra. 

Van Dyke has specimens reared from decayed fruits from Porterville, California 
(1928) and from Whittier, California (1929). He informed me that H. C. Fall had 
collected it in southern California several years ago. C. Leng reports it, under the 
name Haptoncus luteolus (Er.), and the synonym H. texanus Cr., from Central 
America, Texas and Florida. 

E. O. EssiGc, University of California, Berkeley, Calif. 


Notes on Trichogramma minutum Riley as a Parasite of -Acrobasts caryae Grote. 
A few Trichogramma parasites were liberated on one pecan tree during periods in 
August and September 1929 when eggs of Acrobasis caryae were present. For the 
determination of the extent of parasitism, a total of 511 eggs of Acrobasts caryae 
were collected. The number of eggs found to be parasitized was 126, or 24.6 per cent 
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of the number that were examined. Adults of Trichogramma minutum were reared 
from the eggs of Acrobasis caryae and some of those parasites were successful later 
in attacking the eggs of the same species from which they were bred. 

H. S. Adair and C. C. Pinkney were successful in securing parasitization of the 
eggs of Acrobasis caryae by Trichogramma minutum under laboratory conditions 
during the summer of 1928. However, they did not recover any adult Trichogramma 
from eggs of Acrobasis caryae collected on a pecan tree, where a previous liberation 
of that parasite had been made. 

On September 18, 1929, 75 eggs deposited by Acrobasis caryae were placed in a 
petri dish with a few Trichogramma parasites which were bred from eggs of that 
species. Examination made five days later showed that 71 of those eggs were parasi- 
tized. 

C. B. NickKeE.s and C. C. Pinkney, U. S. Pecan Insect Laboratory, 
Brownwood, Texas 


Hibernation of the Convergent Lady Beetle, Hippodamia convergens Guer., on 
a Mountain Peak in New Mexico. For several years the writer has observed the 
hibernation of the convergent lady beetle on Mosca Peak in the Manzano Mountain 
Range, 30 miles southeast of Albuquerque, New Mexico. Mosca Peak resembles 
a pyramid in form and its precipitous escarpment rises to an elevation of 9,462 feet 
above sea level and more than 3,000 feet above the Estancia Valley. The summit is 
10 or 12 feet in diameter and is covered with scrub oak, bunch grass, and loose stone. 
The first visit was made to this Peak on May 26, 1925, and while not a single live 
beetle was to be found at this time it was apparent from the large accumulations 
of dead beetles that this species had been congregating on the peak to hibernate for 
many years. The absence of live beetles at this time could probably be attributed 
to the fact that those individuals which have survived the winter successfully had 
migrated to the valleys. The masses of dead beetles under oak leaves, around the 
base of trees in the bunch grass, and under stones were several inches deep. Some 
of the beetles had nearly the natural color of living specimens, others were bleached 
almost white, and there were beetles with all intermediate shades. 

Another trip was made to the peak on October 25 of the same year, and as in the 
case of the first visit, no live lady beetles were found. Apparently the severe dry 
season had reduced the population of the beetles in this area to the point where they 
were almost extinct as was the case with the Mexican bean beetle during the same 
period. 

The last visit to the summit of the peak was made on September 29, 1929, at 
which time several hours were spent noting the action of the beetles. It was ob- 
served that ‘“‘thousands’” of beetles had accumulated on the peak. Mating was 
noticed in several instances, and the beetles when disturbed would become very 
active. During the observation several beetles were noticed flying in to join the great 
colony. No other species of Coccinellidae have been noted in this colony of the 
convergent lady beetle. The Mexican bean beetles placed on the peak in cages failed 
to survive the winter. The writer has been informed by U. S. forest rangers that they 
have noted colonies of Hippodamia convergens on higher mountain peaks of the 
Southwest than the Mosca Peak. 

J. R. DouGtass, Assistant Entomologist, U. S. Bureau of Entomology, 
Estancia, New Mexico 


= 
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Note on a New Method of Determining Efficiency in Control. The usual method 
of determining the efficiency of any given control measure rests on the visual observa- 
tion of the results. Generally, counts are made of the insects living and dead, and 
a ratio or percentage is obtained which gives a basis for statements on control. 
Occasionally estimates of reinfestation may be used for determining the effectiveness 
of control, but here too the data are accumulated by visual observations. 

For three years the writers have been studying methods of combating the box- 
wood leaf miner. In this work several schemes of control were investigated and the 
results checked. The visual method of checking the efficiency of control was always 
relied upon. This system was used by the writers first because no other system 
seemed available, and also because it gave end-points in figures, which were results 
of the type usually sought—data of an objective kind and therefore easy to work 
with. Late in the course of the experimental work on fumigation with hydrocyanic- 
acid gas another method of determining results was accidentally discovered. This 
method, while hardly as exact for a final analysis as larval examination, rendered 
possible, early in the course of at least certain experiments, the making of better 
predictions than did visual observations. It consisted of auditory observation, and 
the examination for effectiveness of control was made by listening to the infested 
bush, rather than by looking at the fumigated larvae. 

On sunny, fairly warm days in the spring, the healthy or vigorous larvae of the 
boxwood leaf miner move or squirm within their mines. This activity produces a 
faint but definite rustle in the bush which can be distinctly heard once an observer 
has accustomed his ear to note it. Larvae in infested bushes which, as later counts 
show, have been successfully fumigated do not produce this sound. 

The value of this method of observation in estimating the efficiency of control of 
the boxwood leaf miner is very high, especially when the observations are made on 
spring-fumigated boxwood about one week to one month after fumigation. It is at 
this time a much more reliable criterion of the efficiency of a fumigation than larval 
examinations. This is true for the following two reasons: first, after fumigation, and 
apparently without regard to the success of the operation, boxwood leaf miner larvae 
are motionless when the leaves are opened for examination. Second, after the passage 
of a few days the stupefying effects of fumigation wear off and when leaves are then 
opened the larvae which eventually are going to die will squirm from the stimulus 
given them in opening the leaves. 

This observation rests on the difference in behavior within unopened leaves of 
normal or nearly normal larvae and those which have had a killing dose of hydro- 
cyanic-acid gas. 

Mipp.eton and FiLoyp F. Suitn, U. S. Bureau of Entomology 


Suggestions for Use of Oil Sprays in 1930 


The members of the Western Cooperative Oil Spray Project, comprising the experi- 
mental stations of California, Idaho, Montana, Oregon, Washington and British 
Columbia, and the United States Department of Agriculture, wish to make the 
following suggestions regarding the use of oil sprays on fruit trees in the Northwest, 
with particular reference to apples and pears. These suggestions are based on data 
accumulated from experimental work during the past three years. 


O1ts For DorMANT Sprays. 1. Dormant oil sprays should be applied in the spring 
before the bud scales separate and before the buds show green. Injury may result 
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if sprays are applied during the critical period (delayed dormant) of bud develop- 
ment. This period occurs between the time the buds first show green and the cluster 
bud stage. 

2. There is no evidence that low temperatures following sprays applied in the 
spring during the dormant period result in injury. 

3. Oils of relatively low sulfonation test (50-70) can be safely used. 

4. Stable emulsions have proven safer than quick breaking emulsions. 

Os FoR SUMMER Sprays. The following suggestions are made to growers who 
are planning on using oil sprays for codling moth control. 

1. The number of applications of summer oils should not exceed three, and under 
most conditions not more than two are advisable. 

2. The use of oils alone has not given control of the codling moth. Oils should be 
used only in combination with lead arsenate or nicotine sulfate. 

3. Oils in combination with lead arsenate should be applied during the height of 
the egg-laying period of the first brood, but if sulfur sprays are applied after the 
dormant period, no oil should be used in the first brood sprays. 

4. Because of difficulty in removing spray residue, the oil-lead arsenate combina- 
tion should not be used after July 25, but the oil-nicotine sulfate combination may 
be used after this date. 

5. Oils ranging in viscosity from 65-75 have proven most satisfactory, except that 
for Newtowns or other varieties susceptible to oil injury the viscosity of the oil 
should not exceed 55. 

6. Oils with a sulfonation test not less than 85 are satisfactory. 

7. Caution: Oils in combination with lead arsenate should not be allowed to stand 
in pipes or spray tanks, but should be applied immediately after being mixed. Fruit 
sprayed with this combination after the spray has been allowed to stand in tanks 
or pipes for some time, can be cleaned only with great difficulty. This spray mixture 
is also ineffective in control. 

8. For more specific recommendations regarding the use of oil, local authorities 
should be consulted. 

The following members participated in the experimental work upon which the 
above suggestions are based: 


British Columbia—E. P. Venables, entomologists; Max H. Ruhman, entomologist; 

California—E. R. deQng, entomologist; Claude Wakeland, entomologists; Lief 
Verner, horticulturist. 

Idaho—Claude Wakeland, entomologist; Lief Verner, horticulturist; C. W. Hun- 
gerford, plant pathologist; H. C. Magnusson, chemist; H. S. Snyder, chemist. 

Montana—J. R. Parker, entomologist; W. C. Cook, entomologist; H. E. Morris; 
botanist; Jesse Green, chemist; S. H. Johnson, chemist. 

Oregon—Don C. Mote, entomologist; B. G. Thompson, LeRoy Childs, Ento- 
Childs, entomologist; R. K. Norris, entomologist; R. H. Robinson, chemist; F. C. 
Reimer, horticulturist. 

Washington—R. L. Webster, entomologist; Anthony Spuler, entomologist; F. L. 
Overley, horticulturist; J. R. Magness, horticulturist; W. A. Luce, horticulturist; 
E. L. Green, chemist; J. R. Neller, chemist; D. J. Crowley, plant pathologist. 

U.S. D. A.—E. J. Newcomer, entomologist; M. A. Yothers, entomologist; D. F. 
Fisher, plant pathologist; E. L. Reeves, plant pathologist; H. C. Diehl, plant physiol- 
ogist; C. P. Harley, plant physiologist; C. R. Gross, chemist; Jack E. Fahey, chemist; 
A. L. Ryall, pomologist ; b. D. Ezell, horticulturist. 


E. J. Newcomer, Yakima, Washington, Chairman 
ANTHONY SPULER, Wenatchee, Washington, Secretary 


JOURNAL OF ECONOMIC ENTOMOLOGY 


OFFICIAL ORGAN AMERICAN ASSOCIATION OF ECONOMIC ENTOMOLOGISTS 


FEBRUARY, 1930 


The editors will thankfully receive news matter and other items likely to be of interest to our 
readers. Papers will be published as far as possible in the order of reception, except that 
papers of reasonable len may be accepted in the discretion of the editor for early publica- 
tion at $2.50 per page for all matter in excess of six printed pages, a part page counting as 
. fuli page, this limit not including acceptable illustrations. Photo-engravings may be obtained 
y authors at cost. 


Separates or reprints, if ordered, when the manuscript is forwarded, will be supplied to 
authors at the rates given below. Note that the number of es in a reprint may be affected 
somewhat by the make-up, and that part of a page is charged as a full e. Carriage charges 
extra in all cases. Shipment by parcel post, express or freight'as directed. 

One hundred separates or reprints at $1.50 per page or plate. Additional hundreds or less, 
4 pages or less, $1.00; 5-8 es, $1.50; 9-12 pages, $1.75; 13-16 pages, $2.00; 17-24 es, 
$3.00; 25-32 pages, $4.00. vers suitably printed ort first page only, 100 copies, or less, $50: 
additional hundreds, or less, $1.75. Plates inserted, $1.75 per hundred or less. Folio r nts, 
the uncut folded pages (50 only), sixteen page signature, or less, $3.00. A discount of 10 per 
cent and 20 per cent from the above prices will be allowed on orders of 500 and 1000 reprints 
respectively. 


ANNUAL ScrENTIFIC MEETINGS: 1930-31, Cleveland; 1931-32, probably New Orleans; 1932-33, 
Chicago; 1933-34, undecided; 1934-35, probably Rochester. 


The Editor was highly gratified with the responses to the questionnaire 
relative to leaded as compared to solid matter in the JouRNAL. Some 
75 per cent of those addressed responded, a number with very helpful 
suggestions. There was one case where brother was arrayed against 
brother with, we trust, no serious consequences. The weight of evidence 
was in favor of the leaded matter, though a goodly proportion favored 
solid type. The problem will be given further consideration and it is 
hoped that those not circularized will consider themselves free to express 
their preferences to the Editor. 

Entomologists generally can not but approve the recent appoint- 
ment of the Federal Fruit Fly Board. The utilization of a group of 
experts is in accord with the best current practises. There is safety in 
a multitude of counselors. The personnel is highly satisfactory. It is 
no small undertaking to eradicate an insect after it has been found 
over a considerable portion of a state. Great responsibility attaches to 
all decisions in relation to such a problem. There are bound to be 
differences of opinion. The Board can accomplish much by giving 
careful consideration to all phases of the problem. There have been 
numerous changes, mostly minor, relative to fruit fly work since the 
appearance of the insect in Florida and others are to be expected. The 
method is more or less one of “‘trial and error.’’ It is to be hoped that 
the project may be carried through to a successful completion. There 
is no one who can promise this, however, and the Federal and State 
authorities, under existing conditions, can not do less than prosecute 
the work vigorously until eradication is accomplished or its futility 


clearly demonstrated. 
291 
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Review 


A Handbook of the Mosquitoes of North America, Their Structure, 
How They Live, How They Carry Diseases, How They May be 
Studied, How They May be Controlled, How They May be Identi- 
fied, by Ropert MaTHEson, pages I-XVII, 1-268, 24 text figures 
and 1 colored and 25 other plates, Charles C. Thomas, Springfield, 


Illinois, 1929. 


This relatively small, well illustrated work attempts to give a practical compre- 
hensive account of North American mosquitoes. The first chapter gives an admir- 
able, well illustrated discussion of the structure of adults, larvae and pupae with 
special reference to characters which may be utilized in identifying the various 
species. The next chapter on Biology gives a detailed account of the habits of the 
common house or water barrel mosquitoe with interesting data on egg laying, larval 
habits and habitats, habits of the adults, including flight, time of activity, mating, 
longevity and hibernation. The next chapter is concerned with mosquitoes in rela- 
tion to human welfare with special reference to the diseases of man and other ani- 
mals which may be conveyed by these insects. There is an excellent chapter on 
problems in mosquitoe reduction, a brief discussion of methods of studying, collect- 
ing, rearing and preserving mosquitoes followed by a descriptive, systematic account 
with pertinent records as to distribution and habits of the various species. This is 
particularly valuable on account of the numerous admirable figures illustrating 
structural details and the series of tables for the recognition of both sexes and the 
separation of the larvae. There is a well selected bibliography and an excellent Index. 
The book itself is admirably printed and may well serve as a guide for similar publi- 
cations in the future. 

We consider this is a singularly happy, concise account which makes it relatively 
easy for entomologists or amateurs to become better acquainted with this important 
group. It is especially commended to public health officers, general biologists and 


laymen interested in public problems. 
E. P. Fett 


February, '30] CURRENT NOTES 
Current Notes 


The Annual Meeting of the North Central States Entomologists will be held at 
Purdue University, Lafayette, Indiana, March 5th and 6th. 

A. W. Morrill, Jr., was appointed Junior Entomologist, Bureau of Entomology, 
October 1, 1929, and assigned to the Dried-Fruit Insect Investigations, Fresno, Calif. 

J. N. Tenhet, Bureau of Entomology, Chadbourn, N. C., was called to Washington, 
D. C., on November 15, to confer with M. C. Lane on the wireworm problem. 

Alfred Weed, Agent, Bureau of Entomology, located at Madison, Wis., resigned 
November 19, to accept a position with John Powell & Co., Inc., New York City. 

R. T. Cotton, Bureau of Entomology, spent October 21 in Toledo, Ohio, investi- 
gating the results of a commercial fumigation of a large elevator bin with ethylene 
oxide. 

L. C. McAlister, Jr., Bureau of Entomology, who has been associated with Dr. 
F. H. Lathrop, at Cherryfield, Me., will take charge of investigations of the blue- 
berry maggot. 

Section 9207, Termite Protection, has just been added to the mandatory section 
of the new building code of the City of Honolulu, Hawaii, recently made a law. 

Dr. Donald T. Ries was appointed Assistant Extension Entomologist at the 
Pennsylvania State College on September 15, 1929. 

Prof. J. M. Robinson, Head Department of Zoology-Entomology, and Entomolo- 
gist, Alabama Agricultural Experiment Station, studied the collection of Diabrotica 
in the U. S. National Museum at Washington, D. C., in early December. 

George Wishart, of the Dominion Parasite Laboratory, Belleville, Ontario, and 
L. B. Baker, of the staff of the Japanese Beetle Laboratory, visited the Gipsy Moth 
Laboratory on November 25, 

Immediately after the discovery of the pink bollworm in the Salt River Valley of 
Arizona, Messrs. Coad, Cassidy, Fenton, and Isler of the Bureau of Entomology, 
visited this district for a preliminary survey. 

George G. Ainslie, Bureau of Entomology, who for a number of years was located 
at the field laboratory of the Division in Tennessee, was reinstated in November and 
assigned to duty at West Lafayette, Indiana. 

It is thought that the low temperature of 4 degrees F., experienced in the vicinity 
of Ashville, N. C., on November 29, may have caused a rather high mortality of over- 
wintering broods of the southern pine beetle. 

Dr. F. H. Lathrop, Bureau of Entomology, who has been in charge of the Bureau’s 
blueberry maggot investigations at Cherryfield, Me., has been transferred to Vin- 
cennes, Indiana, to be in charge of the field laboratory there. 

Dr. D. P. Curry, Assistant Chief of Public Health, Panama Canal Zone, spent 
November 5 to 11 at the division of insects, Washington, D. C., studying mosquitoes 
and consulting with Mr. Greene on various problems in the classification of mosqui- 
toes. 

Dr. L. L. English, Associate Research Professor, Department of Zoology-Entomol- 
ogy, Alabama Agricultural Experiment Station, located at Spring Hill, Alabama, 
conferred with the authorities at the main office at Auburn, with reference to the 
citrus insect project, December 9 to 13. 
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At its meeting of June 29 the Nederlandsche Entomologische Verseniging elected 
as honorary members, in place of Chr. Aurivillius, of Sweden, and Th. Becker, of 
Germany, both deceased, Dr. Geza Horvath, of Budapest, and Dr. L. O. Howard of 
Washington. 

Two appointments to the staff of the Cereal and Forage Division of the Bureau of 
Entomology were made in November. Edgar J. Udine was appointed Junior Ento- 
mologist, for duty at Carlisle, Pa., and John Caveney, Junior Entomologist, for duty 
at Arlington, Mass. 


M. E. Phillips, of Ithaca, N. Y., formerly connected with the Division of Stored- 
product Insects of the Bureau of Entomology, and Mrs. Phillips, who, like her 
husband, is a graduate entomologist, visited the field laboratory at French Creek, 
W. Va., about November 1. 

Dr. M. W. Blackman, of the New York State College of Forestry, at Syracuse 
University, has joined the staff of the Bureau of Entomology for a year, beginning 
October 1, and during the present winter is working in Washington, on the classifica- 
tion of Scolytid beetles. 

Dr. H. J. Pack, entomologist on the staff of the Utah Agricultural Experiment 
Station, died January 5, following an operation for cancer. 


Dr. A. G. Boving, of the taxonomic unit, Washington, D. C., has recently been 
elected a corresponding member of the Finnish Zoological and Botanical Society 
“Vanomo,"’ Helsingfors, Finland. This society has only two other corresponding 
members—one in Sweden and one in Germany. 

R. C. Brown, of the Gypsy Moth Laboratory, Melrose Highlands, Mass., returned 
to America on November 19 after an absence of two and a half years. During this 
time he has been studying and collecting parasites of the Gypsy moth in Central 
Europe. 

Paul Guillement, Manager, Department of Agriculture of French Morocco, Angel 
Arrus, formerly Manager, Experimental Farm of Spanish Morocco, and Raymond 
Ricaud, American Trade Commissioner for the French Government at San Francisco, 
visited the Bureau of Entomology, field laboratory at Alhambra, Calif., November 1. 


James R. Thompson, Jr., a graduate of North Carolina State College, who recently 
received the degree of Master of Science from the University of Tennessee, has been 
appointed Junior Entomologist, Bureau of Entomology, to assist with investigations 
at the Peach Insect Laboratory, Fort Valley, Ga. 

Mr. R. D. Whitmarsh who has been Entomologist and Plant Pathologist with the 
Corona Chemical Division, Pittsburgh Plate Glass Company, since leaving the Ohio 
Experiment Station has been appointed Entomologist and District Manager with 
the Kay Laboratories, Inc. His present headquarters are Deland, Florida. 


Recent visitors to the Department of Entomology, Agricultural Experiment 
Station, New Haven, Conn., include Dr. J. M. Ginsburg, New Brunswick, N. J.; 
Dr. Harrison Garman, Lexington, Kentucky; J. G. Conklin, Columbus, Ohio; and 
L. A. Stearns, Newark, Delaware. 

J. C. Evanden, Bureau of Entomology, reports that experimental fall control 
against the mountain pine beetle in Montana has demonstrated that peeling the 
bark is not practicable at this time of the year, and that decking the logs and burning 
them had to be resorted to. 
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Dr. L. P. Wehrle who has been research assistant at Cornell University since he 
received his Doctor’s degree, has been appointed Assistant Professor of Entomology 
in the University of Arizona. Dr. Wehrle entered on his duties at Tucson at the 
beginning of the second semester in February. 

L. G. Baumhofer, Bureau of Entomology, has completed his field work on the pine 
tip moth at Halsey, Nebr. He reports that the eastern parasite of this moth, a 
species of Campoplex, has continued to increase markedly this year, and that im- 
proved conditions in the growth of the trees are already apparent. 


Newell E. Good, who received his B.A. Degree from George Washington Univer- 
sity last June, was appointed Junior Entomologist October 1, and assigned to Grain- 
Insect Investigations, with headquarters at Sligo, Md. He will make a special study 
of the biology of flour beetles. Mr. Good was formerly employed by the Bureau of 
Animal Industry. 

Prof. W. B. Herms, Head of the Department of Entomology and Parasitology at 
the University of California, has accepted an appointment as visiting Professor in 
the department of Zoology and Entomology at Ohio State University for the summer 
term of 1930. He will conduct courses in medical entomology and direct graduate 
student problems in this field. 

Prof. E. J. Dyce, a member of the Department of Entomology at the Ontario 
Agricultural College, Guelph, Canada, has been granted a leave of absence for one 
term in order to carry on certain phases of his investigations at Cornell University. 
Prof. Dyce hopes to complete his requirements for the Doctor’s Degree in the near 
future. 

Mr. A. W. Lopez, who received his Master’s degree in entomology from the 
University of California in December 1928 is now Entomologist for the Philippine 
Sugar Association, Manila. His present headquarters are at the La Carlota Sugar 
Central, La Carlota, Occidental Negros, where his chief problem is an attempt to 
control white grubs of cane by biological means. 

Dr. F. A. Fenton, of the Bureau's cotton-insect laboratory at El Paso, Tex., 
went to Washington, November 30 and spent several days in the taxonomic unit 
working on wasps of the subfamily Anteoninae. He also consulted the specialists 
in parasitic Hymenoptera regarding certain parasites of the pink bollworm, partic- 
ularly some exotic species which may be introduced into this country. 


Mr. L. E. Dills who spent the last year at Cornell has accepted a fellowship with 
the Crop Protection Institute. He will spend a month at the Boyce Thompson 
Institute in investigation and then leave for Lake Alfred, Florida, to carry on his 
experimental work there until the season opens in New York, when he will return to 
Ithaca to continue his investigations. 

W. H. White, Bureau of Entomology, Washington, D. C., visited the bureau's 
field laboratory at Sanford, Fla., on November 7 for consultation regarding the work 
on the celery leaf-tier. On his return trip to Washington he stopped at Charleston, 
S. C., for consultation regarding investigations on the seed-corn maggot, and at 
Chadbourn, N. C., in regard to work on the strawberry weevil and strawberry root- 
louse. 

Dr. E. A. Back, Bureau of Entomology, spent October 23 and 24 in New York, 
where, with representatives of the Bureaus of Agricultural Economics and Chemistry 
and Soils, and the New York Produce Exchange, fumigations of wheat in cars and 
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elevators were started with certain carbon disulphide-carbon tetrachloride mixtures 
and with ethylene oxide. This work was continued by Dr. Cotton on October 28, 29, 
and 30. 


“The New York Farmers,"’ a famous organization of well-known New Yorkers 
greatly interested in the advancement of agriculture, has established a medal to be 
awarded from time to time for outstanding achievement in agriculture. The first 
award of this medal was made in New York City January 21 and the recipient was 
Dr. L. O. Howard, for more than 50 years connected with the Bureau of Entomology 
of the Department of Agriculture. 


Dr. J. M. Swaine, Entomological Branch, spent the greater part of October in the 
Maritime Provinces, where. accompanied by the Provincial Forester for Nova Scotia, 
and the foresters of two important pulpwood companies, he inspected insect injury to 
forest trees, particularly the outbreak of Peronea variana Fern. in the southern part 
of Cape Breton Island. Dr. Swaine reports that airplane dusting experiments for the 
control of forest insects, conducted in Ontario and Quebec in co-operation with the 
Air Service, have resulted in important progress being made in 1929. 


Dr. Raymond L. Taylor, in charge of the Maine Forest Service Entomological 
Laboratory at Bar Harbor, spent several days in Boston in December visiting the 
Gypsy Moth Laboratory, Melrose Highlands, the Harvard Museum of Compara- 
Zoology. Cambridge and the Museum of the Boston Society of natural History 
in connection with the determinations of parasites and other insects reared principally 
from material infested by the birch leaf mining sawfly (Phyllotoma nemorata) and 
from a new birch case-bearer, Coleophora salmani Hein. 

It is reported that on November 26 three employees of a company at Fresno, 
entered a fumigation chamber too soon after a fumigation with hydrocyanic acid 
and were disabled by the gas. Members of the Fire Department, using a pulmotor, 
worked over one of the men for 40 minutes before he regained consciousness. This 
accident and the explosion of carbon disulphide at Dinuba, mentioned in the monthly 
letter of the Bureau of Entomology, for October, help to promote the acceptance of 
ethylene oxide for use in fumigations. 


The 66th Annual Meeting of the Entomological Society of Ontario was held at the 
University of Western Ontario, in London, on Nov. 21 and 22. The meeting proved 
to be one of the best attended and most successful meetings in the history of the 
society, ahd the programme contained a long list of interesting papers dealing with a 
wide variety of entomological subjects. A banquet was given to members of the 
Society and guests, by the University, on the evening of Nov. 21, and this was 
followed by a public address entitled ‘‘The Trend of Ecological Research in European 
Corn Borer Investigation,” by K. W. Babcock, of the United States Bureau of 
Entomology. 

On November 1, Octava Piel, S. J., of the Museum of Natural History of Zi-Ka- 
Wei, Universite 1’ Aurore, Shanghai, China, visited the Japanese-Beetle laboratory 
at Riverton, while on his way to China. His visit was advised by Dr. P. Vayssiere, 
of Paris, who was at this laboratory in the summer of 1928. Father Piel was much 
interested in the work of the parasite division of the laboratory. He has lived in the 
district in China where our field collectors obtained Tiphia, and has a large series of 
these parasites which he very kindly offered for study here. They were accepted, 
and it is felt that Father Piel will be of further assistance to the bureau in obtaining 
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certain desired weather reports of the same region. He spent November 6 to 19 
studying the National Collection of Hymenoptera and consulting with the bureau 
hymenopterists in Washington. 


On the evening of December 17th, Prof. Herbert Osborn was honored at a banquet 
given at the Chittenden Hotel, Columbus, Ohio, by his colleagues and associates 
of the Ohio State University and the Ohio Experiment Station. The dinner was 
given in recognition of the completion of 50 years continuous service as an investiga- 
tor and teacher in Zoology and Entomology. During the evening toasts were given 
by Dr. George Rightmire, President of the University, Dr. W. O. Thompson, Presi- 
dent Emeritus, Dean William McPherson, Dean of the Graduate School and Dr. 
R. C. Osburn, Head of the Department of Zoology and Entomology. During the 
evening a beautifully illuminated testimonial was presented to Prof. Osborn express 
ing the love and esteem in which he is held by his associates at the Ohio State Uni- 
versity. 

The seventh annual meeting of the Entomological Society of Pennsylvania was 
held at Harrisburg, Pa., on January 21st in conjunction with the State Farm Products 
Show. J. R. Stear discussed investigations of native parasites of the Oriental fruit 
moth; S. W. Frost told of plans for the baiting of a large peach orchard; and H. E. 
Hodgkiss spoke of attempts at the control of this species by Pennsylvania peach 
growers. C. H. Hadley explained the appearance and habits of the Asiatic beetles, 
and showed their present distribution. T. L. Guyton discussed the present status 
of the European corn borer in Pennsylvania, and H. N. Worthley gave some results 
of experimental work with this insect. C. C. Hill presented the results of the 1929 
surveys of Hessian fly infestation, explaining the present low numbers of this pest 
in Pennsylvania. After dinner S. W. Frost delighted the members with a talk on 
his recent sojourn in the Canal Zone, illustrated by moving pictures taken during 
the trip. The following were present: A. B. Champlain, E. H. Dusham, S. W. Frost, 
J. K. Gould, T. L. Guyton, C. H. Hadley, C. C. Hill, H. E. Hodgkiss, F. L. Hold- 
ridge, J. O. Pepper, J. S. Pinckney, D. T. Ries, G. B. Sleesman, A. W. Smith, J. R, 
Stear, G. B. Stichter, E. J. Udine, H. N. Worthley, J. N. Knull. 


A Federal Fruit Fly Board consisting of Dr. W. C. O’Kane, State Entomologist 
of New Hampshire, Chairman; Dr. P. J. Parrott, Entomologist of the New York 
Experiment Station; Dr. J. J. Davis, Professor of Entomology, Purdue University; 
Dr. W. P. Flint, State Entomologist of Illinois and Dr. George A. Dean, Professor 
of Entomology, Kansas State Agricultural College, has been appointed by Secretary 
offAgriculture Hyde and charged with the consideration of all biological and entomo- 
logical questions and the determination of policies in the actual fruit fly eradication 
work and the supervision and control of Federal expenditures in the eradication 
effort. Members of the Board have secured temporary leaves of absence from 
their institutions and are prepared to serve as long as needed. The headquarters 
of the Board will be at Orlando, Florida. It is stated that the Board will serve as an 
immediate contact between the Plant Quarantine and Control Administration and 
the Eradication forces in Florida and will relieve the administration offices in Florida 
of the necessity of giving attention to grievances and recommendations of growers 
and shippers. Dr. Wilmon Newell who has been in charge of the Federal work in 
Florida since last April will remain in the position of administration officer. 
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Horticultural Inspection Notes 


Mr. B. F. Boillot has been appointed assistant to the Plant Commissioner i in the 
State Board of Agriculture of Missouri. 

Mr. Alfred S. Mills, Inspector of the Plant Quarantine and Control Administra- 
tion was transferred from New York to San Juan, Porto Rico, effective December 15, 
1929. 

Recent requirements placed by the State of Oklahoma with respect to the admis- 
sion of white seed potatoes include special certification relating to varieties, quantity, 
transportation injury, storage injury, diseases, etc. 

Mr. E. R. Sasscer, in charge, Foreign Plant Quarantines, of the Plant Quarantine 
and Control Administration, visited the ports of New York and Boston, January 8 
to 11, inclusive, for the purpose of conferring with the inspectors in charge at those 
ports. 

On December 9, 1929, the State of Alabama issued Regulation No. 28, under which 
the movement of citrus fruits and certain plants from Florida into Mobile County, 
Alabama, is prohibited on account of the Florida red scale and scaly bark. 

The Illinois alfalfa weevil quarantine was amended November 29, 1929, adding 
certain new territory to the areas in the Rocky Mountain States from which alfalfa 
hay and other products were prohibited admission into Illinois on account of that 
weevil. 

Specimens of the spruce gall aphid, Adelges sp. have been found during the past 
season on Colorado Blue Spruce trees which have been moved from the native forests 
of Colorado. This is reported to be a new insect for Nebraska and an effort is being 
made to see that it does not obtain a foothold there. 

The Arkansas State Plant Board, on November 22, modified State Quarantine 
No. 7 and Rules 60 and 60-a, promulgated thereunder, in order to bring the State 
quarantine on account of the Mediterranean fruit fly and the Dictyospermum scale 
into line with the Federal quarantine regulations. 

On December 23, 1929, the State Department of Texas issued a quarantine 
proclamation on account of the sweet potato weevil, establishing certain areas of 
that State as pest free zones, and prohibiting the importation of sweet potatoes into 
those zones from without except under permit of the Commissioner of Agriculture. 

The annual report of the State Nursery Inspector of Nebraska shows that 157 
nurseries were inspected in the State during the past season and that these nurseries 
had approximately 1000 acres of growing stock. No new or serious insect pests were 
found in the nurseries except the spruce gall aphid and the spruce Tortrix. 

An insect pest of spruce which prior to 1929 had been found in only one locality 
in Nebraska, has been found rather commonly at Lincoln and Omaha during the 
past inspection season according to Mr. L. M. Gates. The insect is known as the 
Spruce Tortrix, Olethreutes abietana Fernald, and seems capable of doing serious 
injury to spruce. 

The National Plant Board met at Orlando, Florida, on January 11. The member- 
ship of the Board as at present constituted, consists of: W. C. Jacobsen and O. C. 
Bartlett, Western Plant Quarantine Board; G. A. Dean and A. G. Ruggles, Central 
Plant Board; W. C. O’Kane and W. A. McCubbin, Eastern Plant Board; and R. W. 
Leiby and R. W. Harned, Southern Plant Board. 
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Miss M. A. Thompson of the Plant Quarantine and Control Administration has 
prepared a digest of State quarantines now in effect, and this digest is expected to 
be ready for distribution to State quarantine officers and others interested, early 
in March. The new digest is being prepared in a loose leaf form in order that amend- 
ments can conveniently be inserted from time to time. 

During December, a resolution was passed by Congress and signed by the Presi- 
dent, making an emergency appropriation of $1,290,000 available for continuing 
the enforcement of the Mediterranean fruit fly quarantine. Of this sum, $290,000 
was for the purpose of replacing transfers which had been made by the Secretary 
of Agriculture from other Plant Quarantine and Control Administration funds to 
the fruit fly project. 

Inspections by Prof. Don B. Whelan from the Entomology Department of the 
University of Nebraska during the past two seasons have failed to confirm the 
reported presence of the alfalfa weevil in Scotts Bluff County, Nebraska, and, 
according to L. M. Gates, State Nursery Inspector, at least two outside States have 
revoked their quarantines against alfalfa from that county on the basis of Prof. 
Whelan’s reports. 

Secretary Hyde announced on December 30, a revision of the Federal pink boll- 
worm quarantine regulations effective January 1. The regulations as revised, 
authorize, ‘‘under certain safeguards, the issuance of permits for the interstate 
movement of cotton samples and of compressed and baled lint or linters from the 
regulated areas of western Texas, New Mexico, and Arizona, without fumigation, 
when such samples, lint, or linters have been produced in a county within which 
and within five miles of which no pink bollworm infestation has been found for the 
two preceding crop seasons."" Five amendments to the regulations as issued July 9, 
1927, have been promulgated since that date and are incorporated in the revision. 

Mr. George W. Nelson, of St. Paul, Minnesota, was appointed as agent in the 
Plant Quarantine and Control Administration on December 9, to take the place of 
Mr. E. J. McNerney as transit inspector at Nashville, Tennessee, Mr. McNerney 
being transferred to the European corn borer project and temporarily detailed to 
Chicago at that time. 


Circular 169, recently published by the Department of Agriculture of New Jersey, 
gives the results of the ninth year’s work against the gipsy moth in that State. 
Only one gipsy moth colony was found during the fiscal year as compared with five 
colonies and seven egg masses during the previous season, and 855 colonies and 
3,003,039 egg masses found in the fiscal year 1920-21. 


The barberry eradication work of the United States Department of Agriculture 
which has heretofore been carried on by the Office of Cereal Crops and Diseases of 
the Bureau of Plant Industry, has been established as a separate office of that Bureau. 
Mr. Fred C. Meier, extension pathologist of the Federal Extension Service, has been 
placed in charge, with Dr. E. C. Stakman of the University of Minnesota, appointed 
to act in an advisory capacity. Mr. Meier has had experience in food products 
inspection service of the Bureau of Agricultural Economies and since 1922 has been 
promoting extension programs in plant disease control. He holds the B. S. and 
A.M. degrees from Harvard University. 


Administrative instructions were issued by the Plant Quarantine and Control 
Administration January 8, slightly modifying certification requirements under 
the Japanese beetle and the Asiatic beetle quarantines. The effect of the amend- 
ment was to eliminate the requirement that screens must be placed in the bottom 
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of each pot used for plants which are to be shipped interstate from nursery and 
green house premises in Class II and Class III. The plants concerned must be potted 
in certified soil and placed in beds the soil of which has been treated with lead arsen- 
ate, and experience with this method of treatment indicates that it constitutes a 
complete safeguard against infestation. 

Recent plant quarantine regulations issued by the State Board of Horticulture of 
Oregon include Quarantine Order No. 16, restricting the entry of clover seed from all 
other States on account of the leaf and stem nematode; Quarantine Order No. 17, pro- 
hibiting the entry of cuttings and roots of the hop from Canada and all parts of 
the United States except California, on account of the downy mildew of the hop; 
Amendment No. 1 to Quarantine No. 13, requiring fumigation of potatoes entering 
from California, Florida and Texas, on account of potato tuber moth and root knot 
nematode; and Amendment No. 1 to Quarantine No. 7, pertaining to the alfalfa 
weevil, providing for the entry of alfalfa meal under certain restrictions. 


Orders issued by the Plant Quarantine and Control Administration with refer- 
ence to the Mediterranean fruit fly quarantine regulations during the last two months 
include the following: PQCA-253 “Authorization of Transportation of Florida Host 
Fruits and Vegetables from the District of Columbia to Nearby Points in Virginia’’; 
PQCA-24 “‘Movement Authorized of Sterilized Host Fruits and Vegetables from 
Florida to Other Southern and Western States’; PQCA-255 ‘“‘Sterilization of Oranges, 
Tangerines and Satsumas by Use of Heat under Mediterranean Fruit Fly Regula- 
tions’; PQCA-256 “Release of Certain Areas Designated as Infested Under the 
Mediterranean Fruit Fly Quarantine Regulations’; PQCA-257 “Instructions to 
Inspectors Re Interstate Shipments of Celery from Florida’; PQCA-258 ‘‘Containers 
Authorized for Interstate Movement of Florida Host Fruits and Vegetables.” 

The European corn borer quarantine was revised on December 16, 1929, effective 
immediately, enlarging the area under regulation to the extent of 655 townships, 
of which 209 are in the two-generation area and 446 in the one-generation area. 
In addition, seven townships in New Hampshire, which were formerly in the one- 
generation area have been transferred to the two-generation area. Changes in the 
requirements affecting the interstate movement of the restricted articles include 
(1) placing the limitation on the quantity of cleaned shelled corn which may be 
shipped without certification or other restriction at 25 pounds to the package instead 
of two pounds as heretofore; (2) allowing free movement of sweet corn on the cob 
from New York City during the months of May and June, the period during which 
no sweet corn produced within the regulated area reaches that city; and (3) removing 
the special restriction applying to Maine as to entry of the restricted articles from 
the regulated areas outside that State. 

The agricultural appropriation bill for the fiscal year ending June 30, 1931, as 
passed by the House of Representatives, carried $720,000 for the enforcement of 
foreign plant quarantines, an increase of $180,000 over the funds for the present 
year ; $647,500 for gipsy and brown-tail moth work, an increase of $80,000; $1,000,000 
for European corn borer control, an actual increase of $52,000; $475,000 for the en- 
forcement of the Japanese beetle, and the Asiatic beetle quarantines, an increase 
of $208,000; and $65,000 for the prevention of spread of the date scale, a decrease 
of $21,700. The bill also includes a new item of $40,000 for the establishment of a 
system of transit inspection at strategic points in the United States, for the enforce- 
ment of domestic plant quarantines; of this amount $20,000 was derived from a 
reduction in funds for white pine blister rust and phony peach disease control work, 
and the remainder constitutes an increase of $20,000 over funds available for the 
current fiscal year. 
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Apicultural Notes 


W. J. Nolan, Bureau of Entomology, attended the meeting of the West Virginia 
Beekeepers’ Association, at Martinsburg, W. Va., on November 29. 


Dr. Warren Whitcomb, Jr., Bureau of Entomology, of the Southern States Bee 
Culture Field Laboratory, Baton Rouge, La., attended the meetings of the Alabama 
State Beekeepers’ Association, at Montgomery, Ala., on November 7 and 8. 


Mr. L. T. Floyd, Provincial Apiarist, Department of Agriculture, Winnipeg, 
Manitoba, was one of the principal speakers at the Alabama Beekeepers’ Association 
meeting in Montgomery, November 7 and 8. Dr. Warren Whitcomb of the U. S. 
Regional Beekeeping Laboratory located at Louisiana State University, Baton 
Rouge, was another speaker before the Association. Mr. G. Sadler, Superintendent 
of the Southeastern Division of American Railway Express Company, Atlanta, 
Georgia, was the guest of the Beekeepers’ meeting also. 


The thirty-ninth Annual Convention of the Illinois State Beekeepers’ Association 
was held at Springfield, Illinois, on December 3rd and 4th, 1929. The speakers 
appearing upon the program were as follows: J. F. Diemer, Liberty, Missouri; 
Charles Kruse, Paris, Illinois; G. H. Cale and M. G. Dadant, Hamilton, Illinois; 
M. J. Deyell, Medina, Ohio, and V. G. Milum, of University of Illinois. The asso- 
ciation voted to affiliate with the American Honey Producers’ League and to finan- 
cially support the American Honey Institute. 


The Beekeeping Division of the Department of Entomology, University of IIli- 
nois, will offer a short course for beekeepers in connection with the Annual Farm 
and Home Week of the Illinois College of Agriculture, during the week of January 
13th to 17th. V. G. Milum, Apiculturist of the University will be in charge of the 
short course, assisted by M. G. Farrar, formerly of the University of South Dakota, 
but now with the Illinois Natural History Survey, and G. H. Cale, associate editor 
of the American Bee Journal, Hamilton, Illinois. 


E. L. Sechrist, Bureau of Entomology, spent some time in October in New York 
State, where, with the collaboration of Dr. E. F. Phillips, of Cornell University, 
cooperating beekeepers were selected for work in that State on the management 
of bees as related to the cost of production of honey. This is part of a similar pro- 
gram which was begun in 1928 in the Intermountain States and is now being ex- 
tended to the region which produces white-clover honey. Mr. Sechrist also went 
to Ohio and Michigan, to begin similar work there, while R. S. Kifer, of the Bureau 
of Agricultural Economics, which is cooperating with the Bureau of Entomology, 
on this work, left at the same time to select cooperators in Iowa, Wisconsin and 
Minnesota. 


Reorganization of the Kentucky State Beekeepers Association was effected at an 
enthusiastic meeting of approximately sixty beekeepers, orchardists and others 
interested at the University of Kentucky, Thursday, January 30. G. W. Hurst, of 
Flemingsburg, was made president; Lander Skinner, of Winchester, vice-president; 
and W. A. Price, State Entomologist and head of the Department of Entomology 
and Botany of the Kentucky Agricultural Experiment Station, secretary and 
treasurer. The constitution and by-laws of the old organization were readopted and 
resolutions condemning the Capper-Cole corn sugar bill and urging the need of 
adequate legislation for the combating of American foulbrood in the State were 
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passed. Dr. V. G. Milum, secretary of the Illinois State Beekeepers Association 
assisted in the program. D.C. Babcock, of Medina, Ohio, and Ben Niles, secretary 
of the Kentucky State Horticultural Society also spoke during the meeting. 


Dr. Robert F. Martin, Director of the Department of Markets, Service Technique 
of Agriculture, of Hatii, and Mr. Louis DeJoie, also of the Department of Markets, 
Haiti, visited the Bee Culture Laboratory on November 2, in order better to ac- 
quaint themselves with the proposed United States grades for honey. The Govern- 
ment of Haiti has recently established standards for coffee, and honey will be the 
next product for which the Government expects to establish standard grades. Haiti 
is an important honey-producing country, as it abounds with a number of nectar- 
yielding plants from which unusually good honeys are derived. The beekeeping 
industry in Haiti has received heretofore little or no assistance from the Govern- 
ment, and it is expected that with Government recognition and assistance the 
development of the excellent beekeeping resources will naturally follow. 


Notes on Medical Entomology 


W. G. Bruce, Bureau of Entomology, of the field laboratory at Fargo, N. D., 
arrived in Dallas, Tex., November 19, to collaborate with Mr. Laake and others 


in work on the cattle grub. 


On Nov. 23-24, while en route to Ottawa from the Entomological Society Meeting 
in London, Mr. C. R. Twinn, Entomological Branch, visited the Ontario Agricul- 
tural College at Guelph, Ont., where, with Prof. L. Caesar, Provincial Entomologist, 
he looked into a mosquito control project in the vicinity of Puslinch Lake. 


Dr. Alfons Dampf, Chief Entomologist and Head of the Department of Research, 
Mexican Department of Agriculture, has spent in the month of December a fort- 
night in the State of Guerrero, studying the distribution of bloodsucking insects 
in relation to the skin disease called ‘‘Mal del Pinto."’ Simulids and Ceratopogonids 
are suspected to be the carriers of the unknown germ. 


F. C. Bishopp, Bureau of Entomology, left Washington, November 8, for a trip 
through the Southwestern states. Stops were made at Dallas, Uvalde, Sonora and 
Menard, Tex., for conferences with employees stationed at these points. The 
farthest western point reached was Coachella, Calif., where investigations of the 
eye gnat, a species of Hippelates, are being carried on. On his return trip a stop 
was made at Phoenix, Ariz., and a short trip of inspection in company with T. P. 
Cassidy and F. A. Fenton was made to the cotton area in the Salt River Valley, 
which was recently found infested with the pink bollworm. Mr. Bishopp returned to 
Washington, November 26 


